
AMRL-TR-76-110

LONGITUDINAL STUDY OF HUMAN HEARING: ITS
RELATIONSHIP TO NOISE AND OTHER FACTORS
I. Design of Five Year Study-Data from First Year

FELjS RESEARCH INSTITUTE
YELLOW SPRINGS, OHIO 5S 87

C:1 AND
Icz AEROSPACE MEDICAL RESEARCH LABORATORY

MARCH 1977

JOINT EPA/USAF STUDY

+' 14 4 PRole

Approved for public release; distribution unlimited

AEROSPACE MEDICAL RESEARCH LABORATORY
AEROSPACE MEDICAL DIVISION
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 4848



NOTICES

When US Government drawings, specifications, or other data are used for any purpose other than a definitely related
Government procurement operation, the Government thereby incurs no responsibility nor any obligation what-
soever, and the fact that the Government may have formulated, furnished, or in any way supplied the said drawings,
specifications, or other data, is not to be regarded by implication or otherwise, as in any manner licensing the holderor any other person or corporation, or conveying any rights or permission to manufacture, use, or sell any patented

invention that may in any way be related thereto.

Please do not request copies of this report from Aerospace Medical Research Laboratory. Additional copies may be
purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered with Defense Documentation Center should direct
requests for copies of this report to:

Defense Documentation Center
Cameron Station
Alexandria, Virginia 22314

TECHNICAL REVIEW AND APPROVAL

ANRL-TR-76-110

This report has been reviewed by the Information Office (01) and is releasable to the National Technical Information

Service (NTIS). At NTIS, it will be available to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

FOR THE COMMANDER

H VON GIERKE J......cA.. ..
D i ec o r.......... ...... o... ........... . ...... .Director .

Blodynamics and Bionics Division . .
Aerospace Medical Research Laboratory.--*_.j rs ii MU TT

AIRt FORCE - 16 WAY 77.- 250 I''--"&'



SECURITY CLASSIFICATION OF THIS PAGE (Whoet D.I. Enit-ed)

iQ REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

REPO BER 12, COV V ACCESSION NO. 3, RECIPIENT'S CATALOG NUMBER

A. R-76-11

4 TIT E 'j dS.btfe) OFWe hUA HAIG:IS nl 4  u1

'I LONGITUDINAL STUDYOFHMNHAIG i IJu*&,r
U FLATTONSHIP TO NJO 'SE AND QTHIFR F.\I:TIjRC 0 31 DeC40d 676,\

-1. Desigii of Fivw .ieat LUJC7 (lat. i -i 6 -PERFORMING ORG. REPORT NUMBER

11.-first. aear.____________ _______

7.ATO~ Alexander F. -ochef 8 CONTRACT OR GRANT NUMBER(',)

__ R. M. /Siervoge * !F31-5C54

John F-./limes

~eohnson
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMf T, PROJECT. TASK

AR7.B4 J/ I ERSF
Eels Research Institnte ) BR

800 U vermore Street 622F_,72_j
Yellow Springs, Ohio 45387

ICONTROLLING OFFICE NA-ME ANTI ADDRESSREOTLE

*Aerospace Medical Research Liburatory ,)Mrd ~
Aerospace Medical Division, Air Force Systems ISN"M PAGES

Command, Wripht-Patterson Air Force Base,OH 45433 I"161

14 MONITORING AGENCY NlAME A ACORFcSIIIifer-(~ flom, C.-rrling O~ffice) 15. SEC U 0TTC qS._ (ol 1hi-eP.()

15.,; DECLASSIFICATION DOWNGRADING
SCHEDULE

1,DSTWUTION STArEMENT 0*i , RlltTN

Approved for pulklic releaise; d istr ibu~ti~on Unllimited/

17, DISTRIBUITION STA7TftMPIT (.i the ccee,, in, Bloc 20, if differentI Irnm, Report) /~ .'

Ie SI.IELEMFNTARY NOrIES

Supported in part by Environmental Protection Agency

HRARTNG LOSS
NOISE EXPOSURE

AUDITOPY THRESHOLD
LONG I TUDT NAL
NOT SEF

- ' A sertal stiidy has begun of Ciiiditorv thresholds in children aged
6-1 7 ,ci rs. Thesie tlireshol Ils hav%,E, bpenel n el.' to noise exposure,
fotolopicuil findings, recre.-tionql hqhitq and gcne-ral health. Data from the
Ci rt veuir shcw that throschol d, tendI to be lower in older children although
thev hnrd more n ij:--e fypoI:-re. The increIiFe In nolqse exposure with age is

pDr 147l;rlVm. 1t I'



SUMMARY

This report describes a serial study of auditory
thresholds in children 6 to 17 years of age. These hearing
level thresholds, together with detailed information from
noise exposure, otological, recreational, and medical
histories, data relating to physical size and maturity, and
findings from otological inspections were obtained serially
from a group of Southwestern Ohio children. The major aims
of the study were to determine the variation among children
in their patterns of change in thresholds and to analyze the
relationships between the changes in their thresholds and
possible environmental and biological factors. The present
report includes the design of the study, some analyses of the
data collected early in the study and a brief outline of the
analytic procedures that will be applied when longer sets of
serial data are available.

Satisfactory auditory threshold examinations have been
obtained since 26 January 1976, after some initial
difficulties with audiometric test equipment. Data from 280
audiometric examinations of children are analyzed in this
report. The threshold means of these children are near but
slightly below audiometric zero (ANSI-1969) for the lower
tonal frequencies, but are 2 to 3 decibels higher at
frequencies of 4000 and 6000 Hertz. Older children (12 to 17
years) have lower mean thresholds at all frequencies than the
younger children (6 to 11 years). Perhaps hearing ability
increases slightly with age or perhaps older children are
more able to perform the testing task. In general, the mean
and median thresholds are 2 to 6 decibels lower than those
recorded in U. S. national surveys. There are indications
that some abnormal otological findings are associated with
hearing loss and that auditory thresholds decrease during
adolescence especially in girls. Lateral differences in
thresholds were relatively common and, occasionally, were
large; large lateral differences in threshold increments were
not observed.

Six-monthly increments in thresholds were obtained on
76 children. The threshold increments are distributed
normally with means of zero at the lower frequencies.
However, at 4000 and 6000 Hertz, the increments are
significantly different from zero in the direction of poorer
hearing. This effect is most evident in the older children,
although their overall mean thresholds are lower. This is in
general agreement with the view that noiseLis an important
determinant of the auditory thresholds of children. The data
indicate that girls have slightly lower mean thresholds than
boys which may reflect behavioural differences; boys have
more noise exposure than girls.
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Quantitative scores have been derived from total noise
exposure histories and interval noise exposure histories.
The total noise exposure histories refer to the period
preceding the time when each history was taken; the interval
noise exposure histories relate to noise exposure since the
previous record (either a noise exposure history or an
interval noise exposure history) was obtained. There is an
increase in total noise exposure (all sources combined) with
age. This change with age is more pronounced in boys. The
thresholds decrease significantly with age whether levels or
increments are considered. There appear to be some
associations between otological abnormalities and auditory
threshold increases over six-month periods. The associations
between noise scores and threshold levels are not significant
although some trends are present. While there were no
statistically significant changes in mean auditory
thresholds, participant groups reporting exposure to loud TV,
loud stereo, hi-fi or radio, loud vehicles, power tools,
being near or using farm machinery and playing amplified
musical instruments all had slightly higher mean thresholds
than the groups of participants not reporting such exposures.
Farm machinery and amplified musical instruments demonstrated
the strongest trends and certainly all these categories need
further investigation.

There is suggestive evidence that rate of maturing is
associated with auditory thresholds such that rapid
maturation, especially in girls, is associated with lower
thresholds (better hearing). Stature was associated with
thresholds in a similar fashion, i.e., taller children within
the same age and sex group tend to have lower thresholds.
These effects are interrelated because rapidly maturing
children tend to be tall.

A library of computer programs for the analysis of data
from auditory threshold examinations, noise exposure
questionnaires, medical histories, and growth and maturation
assessments has been developed. This will be used as further
data are recorded and it will be expanded, in particular to
allow the analysis of serial changes by curve fitting
techniques.

There are no previous studies of children dealing with
auditory thresholds, possible environmental factors and
possible biological factors that could affect these
thresholds. Yet such studies are necessary to determine
whether the changes in thresholds observed in cross-sectional
data are due to marked changes in a sub-sample of children or
changes that occur in all children. The information
resulting from the study in relation to the effects of
environmental noise on the hearing levels of children and
youth will be of great value to the Environmental Protection
Agency and the USAF.
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This study aims to determine the changes in auditory
patterns in children as they become older and to relate these
patterns to environmental and developmental changes. Clearly
the study design is appropriate for this aim and it has a
great potential to determine the relationships between
thresholds, noise exposure and strictly biological variables.
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INTRODUCTION

While environmental noise can adversely affect people
of all ages, children as a group may require special
consideration. One reason for such consideration is the
possibility that children are more susceptible to a loss of
hearing ability as a result of noise exposure than adults.
Another reason is that children, at various times, may be
exposed to certain types of noise that may not be recognized
as possibly influencing hearing. The noise exposure of a
pre-school child who lives next to a busy freeway and who
plays outside often, is an example.

Furthermore, the effect of any significant hearing loss
on a child may be more severe than on an adult from the point
of view of causing a learning disability. Good hearing is
necessary for learning and communication, especially in
childhood when speech abilities and listening strategies are
less well developed than in adulthood. But even if a hearing
loss did not lead to learning disabilities, any permanent
change in the hearing ability of a child can be considered
more significant than a similar change in an adult simply
because the child can be expected to live longer. Despite
all this, there have not been any effective studies ofhearing loss in children in relation to environmental

factors.

The determination of serial auditory thresholds in the
same children, as they relate to other information such as
health history, noise exposure history and maturity, is
important if proper and timely decisions are to be made with
respect to the control of various sources of environmental
noise. Currently, it is assumed, in most analyses of
environmental noise impact, that occupational noise exposure
data from an industrial situation can be applied directly to
estimate the effects of noise on children. The validity of
this assumption has not been demonstrated.

Auditory thresholds in children are very likely to be
correlated with the auditory thresholds in the same
individuals when adult, although relevant data have not been

reported. A convincing demonstration of this requires
recording multiple serial auditory thresholds in the same
individuals; data at two points in time yielding a single
increment for each child are unlikely to provide a convincing
answer. Understanding of the factors that influence hearing
levels during childhood prior to any changes due to
occupational noise exposure will allow better understanding
of the significance of the changes in hearing thresholds due
to occupational noise exposure. In turn, this should lead to
appropriate regulations in regard to important sources of
noise, e.g., lawnmowers.
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One might ask at this time, "How do we even know if
there is a noise exposure problem with children?" Perhaps the
best circumstantial evidence of such a problem is the data
from the Public Health Surveys conducted by the National
Center for Health Statistics (Roberts and Huber, 1970; Glorig
and Roberts, 1965). These surveys show that at 4000 Hz there
is no practical difference between the hearing levels of boys
and girls at age 11, but by the age of 18-24 years there is a
definite worsening in the hearing levels of men while those
of women remain unchanged. In fact, one can describe this
difference in the statistical distributions of hearing levels
at 3000 Hz and 4000 Hz between adult men and women by stating
that, in respect of hearing levels, the 20 year old men have
aged about 20 additional years. In other words, the
statistical distribution of hearing for 40 year old women is
approximately the same as that for 20 year old men. There is
no corresponding effect for the audiometric frequency of 1000
Hz.

It should be recalled that these National Surveys were
cross-sectional. While they provide excellent sets of
national reference data, they cannot provide any information
about changes in individuals. This sex difference requires
further documentation, the distribution of changes within
individuals must be established and these changes must be
related to possible causal factors both environmental and
biological. Potential biological factors include previous
illnesses, body size and rate of maturation.

An unresolved question is, "Why does this difference
between men and women at 3000 Hz and 4000 Hz occur?" Possibly
noise exposure is greater for teenage boys than for girls,
but proof is lacking. However, other possible factors might
account for the difference in whole or in part. There could
be sex differences in susceptibility to noise, or sex
differences in the way in which normal hearing develops
irrespective of noise exposure. Furthermore, health related
factors could influence the distribution of hearing
thresholds at the age of 18 years. It was to answer such
questions that this study was started. From the occupational
noise exposure data as well as laboratory studies, it is
known that the auditory frequencies from 3000 Hz to 6000 Hz
are the most susceptible to typical environmental noise.
While the maximum levels of exposure that are acceptable for
adults are at least tentatively established, there are no
existing data on which corresponding levels for children
could be based.

This initial report is the first step in obtaining
some, but not all, of the answers needed. The audiometric
data have not been recorded over a long enough time span to
be of a truly longitudinal nature since at the most only 2 or
3 audiograms have been obtained for any one participant.
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Consequently, the data currently available are inadequate for
detailed analysis of individual variations in susceptibility
to various environmental factors such as noise. Likewise,
the development of individual hearing threshold patterns
cannot be assessed without more serial data points.

This report provides a cross-sectional data base
together with analyses based on increments. Auditory
thresholds of the population studied are related to data from
detailed total noise exposure histories (total exposure to
time of record), interval noise exposure histories (noise
exposure since the previous history was obtained; usually a
6-month period), health histories, otological inspections,
anthropometric examinations and assessments of maturity. The
auditory threshold levels found in the present study are
compared with those reported by others. These analyses are
sufficient to indicate that when more data become available
as the study continues, and when curve fitting techniques are
applied to longer runs of serial data, it is reasonable to
expect that a significant contribution will be made to
understanding the development of hearing and the quantitative
effects of environmental noise on the auditory thresholds of
children.

20



BACKGROUND

HEARING ABILITY IN CHILDREN

Jordan and Eagles (1963) studied 4078 school children
who were broadly representative of all school children of
that age in the Pittsburgh area, except that non-whites were
somewhat over-represented. In this group, the median
thresholds were lower than the 1951 American Standard
Audiometric Zero especially at low frequencies. However,
when adjusted using ANSI-1969 standards the median threshold
values are all well above zero (Table 1). There were only
slight differences in thresholds between whites and
non-whites, and between boys and girls. There was an
increase in hearing acuity to about 12 years, after which the
cross-sectional data show a loss in hearing acuity. This
change occurred about one year earlier in girls than boys,
indicating that the rate of maturation might be involved
directly or indirectly. There was an elevation of auditory
thresholds in those with pathological tympanic membranes.
Jordan and Eagles did not attempt to establish any
relationships between auditory threshold levels and noise
exposure.

Ciocco and Palmer (1941) conducted a large scale
investigation of school children (N = 13,982) in Washington,
D.C. Unfortunately, most of their observations were made
using a phonographic audiometer to test the hearing ability
of the children, in groups of about forty. There is ample
evidence that this procedure lacks specificity and
sensitivity, and that it is unreliable (Fowler and Fletcher,
1926, 1928; Rodin, 1927, 1930; Laurer, 1928; Burnap, 1929;
Freund, 1932; Rowe and Drury, 1932; Partridge and MacLean,
1933; Rossell, 1933). Ciocco and Palmer (1941) did, however,
obtain air conduction thresholds for about 1400 of their
group (700 with hearing losses and 700 normal on testing with
the phonographic audiometer). Also, they retested some
children after intervals of 3 and 5 years. They did not
report distribution statistics for thresholds but classified
the audiograms into groups. A loss at high frequencies was
common and often bilateral. Abnormal records were more
common at older ages, and more common in boys than girls for
high frequencies.

Roberts and Huber (1970) reported population estimates
for auditory threshold levels in the United States for
children aged 6-11 years. The data were obtained by
individual air conduction testing with pure-tone audiometers.
The data were reported with reference to the 1951 American
Standard Audiometric Zero; in the present review, they have
been adjusted to compensate for the differences between this
standard and ANSI-1969. The adjustment factors used are
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TABLE 1. MEDIAN T[-PESVL3,* S (DB)

IN RELATION TO AMiERICAN STANDARD

AUDIOMETRIC ZERPO COP. ChiLDREN
AGED 5-14 YEARS (JORDAN AND

EAGLES, 1963).

FREQUL.NCY RIGIHT L fI-T

500 7.]

1000 1.4 44

2000 . ;.

4000 t .6 L,)

6000 ,3. 8.8

given in Table 2. The ",edia 1. - o1 Ed d, Fobcarts
and Huber (1970) are very l, i t f from the P'L shurqh
study of Jordan and Eag!Ls (]6,.n t.-so cross-sectional
data, there is a fall in au ditcry +t '-: 1d. with inoreasingj
age during the age ranje 6-11 .iaiy at lower
frequencies (Roberts and Huher, 70) T 'his ray reflect
differences in attention or the -t the .ea ione:s -ather
than auditory function.

Roberts and Ahuj a (1 975 : -d 'C I C1 o7( iZi.L

national estimates for au0itorv !F -.i sho s In Uni ted States
youths aged 12-17 years. Using the .":ST-1969 set of zero
values, substantially less thlai f:a]i: + 1he vo,,ith s have'
thresholds below zerc; only' at l1O) i-r ,! 2,100 FPrtz dc iboult
half the youths reach this lev,-l. The thresholds inci:ease
with frequency; this increase is ror id in the 2000 to 6000
Hertz range. In youths aged 12 to 17 .c.rs, the median
thresholds show little change .iL a I girls . I n boys,
however, there are gradual d., ci-a<:;, Itti.ulari at 6000
Hertz (Roberts and Ahuja, 1975). It should be note0 that, s
in the survey of 6-11 ,year olds (-herts al( IT11-e.1, 1970),
these observations vwere mae sr, .oce, lb-td in
5 decibel steps. i
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TABLE 3. MEDIAN THRESHOLDS,
ADJUSTED TO ANSI-1969, FOR
ADULTS AGED 18-24 YEARS
(GLORIG AND ROBERTS, 1965)

RIGHT EAR ONLY

FREQUENCY MEN WOMEN

500 + 8.0 + 7.0

1000 + 5.0 + 4.0

2000 + 8.5 + 5.5

4000 + 8.0 + 4.0

6000 +17.5 +12.5

RACE

Roberts (1972) reported that white children, aged 6-11
years, have lower thresholds than Negro children at
frequencies of 1000, 2000 and 4000 Hertz. At lower and
higher frequencies Negro children have slightly lower
thresholds than the whites.

Roberts and Ahuja (1975) in a national survey of youth
aged 12-17 years reported that white youths have lower
thresholds than Negro youths at frequencies of 1000, 2000 and
4000 Hertz, but not at 500 and 6000 Hertz; these differences
are small (0.6 to 1.4 decibels) but all are statistically
significant, except that at 500 Hertz.

DEMOGRAPHIC CHARACTERISTICS

Roberts and Ahuja (1975) found no consistent pattern of
differences in auditory thresholds dependent upon size of
place of residence. The thresholds tend to be higher in the
low income groups and in those groups with low levels of
parental education. Similar findings were obtained in the
other surveys of children and adults (Roberts and Huber,
1970, Glorig and Roberts, 1972).
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Roberts (1972) reported that, in children aged 6-11
years, hearinc sensitivity ter s to increase with family
income and with parental c d.ucation. In addition, she
reported that the associations between auditory thresholds
and size of place of residence are not significant
statistically in this age range.

Preschool children from lower socioeconomic groups
make more errors in auditory discrimination tests than more
rrivile:ed children even after the effects of chronolocical
-Irmo ant intellicence (-uotient are partialle out (Clark and
Pichards, 1966). The possible factors (e.g. , illness,
nutrition, motivation) were not elucidated.

GTOLOCICAL EXAMINATION

Roberts and Federico (1972) reported data concerninq
the prevalence of ear, nose and throat abnormalities and
tbeir relationship to hearing thresholO levels and medical
events. The data were obtained from a national probability
sample of 7119 children and were weichted to obtain national
estimates for the United States. The preva lence of
abnormalities was obtained by averacing the prevalence for
the two sides. The external auditory meatus was completely
occluded in 7.2 percent, the drum was not visible in 10
percent, it was dull in 5.7 percent, bulcing in 0.3 percent,
red in 1.2 percent and F:erforated Jn 0.4 percent of ears.
These authors reported higher thresholds in children with a
history of earache (difference from normal about 1.5
decibels), in those with perforated drums (difference about
2 decibels), in those with runninq ears (difference about
1.5 decibels) and in those with abnormal or red drums
(difference about 3 decibels). Others (Ciocco and Palmer,
1941; Jordan and Eagles, 1963) have reported that when the
tympanic membrane is abnormal on examination the auditory
thresholds tend to be higher by 2 to 3 decibels and, if it
is perforated, the auditory thresholds are from 12 to 15
decibels higher.

Ciocco and Palmer (1941) showed that serial changes in
thresholds are related to the later but not the earlier
state of the tyrpanic membrane and that this relationship
occurred at medium frequencies only.

LATERAL DIFFERENCES

Jordan and Fatlos (1963) and! Ciocco and Palmer (1941.)
reported a lack of systeorat-ic lateral di ffrences ir
auditory thr-sholds. Gloriq and his co-workers (1957)
reported, however, that the ricrht ear thresholds were lower
in boys at most frequencies although nirls had lower
thresholds at the hicther freuencies. Poberts and Iuber
(1970) found no tendency for - rarticular side to be the
better in children aged 6-1] .ears. They did find the
magnitude of lateral differuI.ces increased with the
frequency of the tone.
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The lateral differences found in 12-17 year olds in the
survey of Roberts and Ahuja (1975) also increase at higher
frequencies. The differences are larger than those found in
corresponding studies of United States children aged 6-11
years (Roberts and Huber, 1970) and adults (Glorig and
Roberts, 1965). Furthermore, in 12-17 year olds, the left
ear tends to have poorer hearing; there was no trend to
non-fluctuating lateral differences among the 6-11 year olds
but there was a similar pattern among the adults included in
the other national surveys (Glorig and Roberts, 1965; Roberts
and Huber, 1970).

AUDITORY THRESHOLDS AND NOISE

It has been suggested that permanent changes in
thresholds due to noise are noted first in boys aged 16 to 18
years and that firearms and farm machinery are the usual
sources (Weber et al., 1967; Litke, 1971).

Although it has been suggested that children are more
susceptible than adults to temporary threshold shifts at the
same frequency as a tone presented at 100 decibels, the data
are inconclusive, in part, because the thresholds have been
tested too soon after the stimulus (Hirsh and Bilger, 1955;
Harris, 1967; Fior, 1972). There is experimental evidence,
however, that exposure to loud noises causes more
histological damage in young than in adult guinea pigs
(Jauhiainen et al., 1972) and that kittens lose more
sensitivity than cats when exposed to intense sound (Price,
1976). Temporary threshold shifts in humans, as a result of
playing with toy cap guns have been reported (Marshall and
Brandt, 1974).

Cohen et al. (1973) reported a correlational study of
children living in apartments. The analyses were based on
floor level (which had rather high negative correlations with
noise) and subsets of intelligence tests. The coefficients
were positive, large and significant in those living in the
apartment 4 years or longer; they were not significant for
those living in the apartment 3 years or less. Floor levels
were correlated significantly with auditory discrimination
also. Data from other groups divided by residence were
analyzed also. A stepwise regression in those who had been in
the apartment 4 years or more showed floor level was more
important in regard to auditory discrimination than father's
education, number of children in the family or grade level.
The authors concluded that the duration of residence in the
apartment and therefore the duration of the noise was related
to the impairment of auditory discrimination and that this
led to learning handicaps.

This conclusion may be correct, but one cannot be sure
in the absence of serial data. One question in particular
remains unanswered: did the children differ in hearing
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ability before they came to live in the apartment house? As
pointed out by Mills (1975), the correlation between hallway
noise near windows overlooking an expressway was high but
that between expressway noise level and the noise levels
within the apartments was considerably lower. Furthermore,
it is unreasonable to assume that the total noise exposure of
the children occurred within the apartment building.

SERIAL FINDINGS

Ciocco and Palmer (1941) reported findings for school
children reexamined for pure tone air conduction thresholds
after intervals of 3.5 (N = 543) and 5 years (N = 552).
About half of each group had been selected as having a
probable hearing loss, and about half as being normal after
group testing with a phonographic audiometer. There were
marked differences between pairs of records; for example, 90
percent of the pairs separated by 3.5 years differed by 5
decibels or more. The changes tended to be greater at high
frequencies and similar in each ear.

HEARING AIDS

Powerful hearing aids may produce marked threshold
shifts in the direction of hearing loss in children (Kinney,
1961; Macrae and Farrant, 1965; Macrae, 1968, 1968a; Roberts,
1970). This may be related to the cause of the hearing loss.
It has been reported that losses are greater in the aided
ears of children with deafness due to meningitis but not in
those in whom the deafness is due to maternal rubella or
perinatal causes (Barr and Wedenberg, 1965).

RELIABILITY

Jordan and Eagles (1963) reported mean interobserver
differences of 1.3 to 8.8 decibels with the larger
differences tending to occur at the lower frequencies. The
audiometers used were graduated in 5 decibel steps.

SUMMATION

Consideration of the available literature relating to
thresholds in children indicates that:

-- hearing acuity tends to increase until 12 years;
later there is a loss in boys but little change in girls,

-- sex differences in the thresholds are slight to 12
years,

-- auditory thresholds are higher in those with
abnormal tympanic membranes,
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-- from 6 to 17 years, white children have lower
thresholds than black children at 1000, 2000 and 4000 Hz. At
lower and higher frequencies the differences are in the
opposite direction and most are not signficant,

-- auditory thresholds are unrelated to the size of
place of residence and they are higher in low income groups,

-- thresholds are higher in children with abnormal
tympanic membranes or a history of earache,

-- lateral differences tend to increase with age;
hearing ability tends to be poorer in the left ear,

-- data relating auditory thresholds to noise exposure
are sparse but temporary shifts do occur,

-- serial findings are scarce. Apparently, rapid
changes are common, particularly at higher frequencies.
Threshold changes are related to the later but not the
earlier state of the tympanic membrane, and

-- powerful hearing aids can cause a loss of hearing
acuity.

Because so little is known (many of the above
statements being tentative), it was considered essential that
auditory thresholds be studied in children in relation to the
factors likely to be associated with them, in particular
environmental noise. There are no satisfactory studies of
hearing loss as a function of age before 16 years, the
factors responsible for the development of a sex difference
in these levels after 12 years are unknown (it is not even
clear whether there factors are biological or environmental)
and, finally, it is not known to what level of noise children
can be exposed without increases in hearing thresholds.
These questions will remain unanswered until there is a
serial study based on appropriate types of data collected at
many examinations over a sufficient time span. It was with
this attitude that the present study was planned. The report
describes the design of the study and analyses of some early
data. A start has been made but longer serial records are
needed before longitudinal analyses will be possible.
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SAMPLE AND METHODS

SAMPLE

Two groups of children each approximately equally
divided by sex, are being studied. The majority (N = 177)
are participants in the Fels Longitudinal Study who were aged
between 4 and 18 years at their first audiometric
examination. Due to the expectation that auditory changes
within individual children might be more marked during
pubescence and early adolescence, it was decided that a group
of middle school students from Yellow Springs would be
enrolled to increase the sample sizes at these ages.
Consequently, 47 children aged 12.5 to 13.5 years at the
commencement of the study were enrolled. The total study
population is 224.

The participants in the Fels Longitudinal Study live in
Southwestern Ohio and were born between 1928 and 1972. They
were enrolled before birth at the rate of about 15 per year.
Their homes are within 30 miles of Yellow Springs, about 35
percent living in cities of medium size (population
30,000-60,000), about half in small towns (population
500-5,000) and the remainder on farms. The educational and
occupatiknal patterns for these three groups do not follow
the usual urban-rural differences. About 15 percent of the
fathers are professionals or major executives, 35 percent are
businessmen, 35 percent are tradesmen or white collar workers
and the remaining 15 percent are skilled or semiskilled
laborers. About 60 percent of the parents attended a year or
more of college and about 60 percent of them were born in
Ohio. In general, they were of middle socioeconomic level.
These children were enrolled in utero. Commencing in 1929,
about 15 children joined the study each year. The middle
school children were reasonably representative of the Yellow
Springs community; in general they tended to be of middle
socioeconomic status. The children in each group were
"normal" in the sense that they were not selected because of
the presence of any recognized disease or disorder.

Approval was obtained from the Eels Institutional
Review Board (8 August 1975) in regard to the protection of
human subjects. In accordance with Institute policy, this
approval has been renewed annually. The families of Fels
participants were informed of the study in a Newsletter on 1
October 1975.

In September, 1975, The superintendent of the Yellow
Springs schools, and subsequently the Board of Education
approved our contacting their pupils through the school
system. Messages to be taken home were distributed by the
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The thresholds are also recorded on the "Auditory
Threshold Level Recording Form" (Appendix A). Comments about
the continuity and completeness of testing and the nature of
the responses by the participant are recorded both in general
and for each frequency.

Questionnaires - A set of very detailed questionnaires
has been developed to ascertain the level of noise exposure.
The data obtained using these questionnaires allow an
analysis of the relationships between auditory thresholds and
environmental factors.

There are two very similar questionnaires:
(i) "The Biographical, Noise Exposure and Otological

History" (Appendix B) was administered to each participant at
the first audiometric examination.

The data obtained by means of this questionnaire
concern: personal identification, family structure and
occupations, recreational activities, work activities, noise
exposure history (guns, toys, hobbies, mechanical equipment,
place of residence, TV, music) and an otological history
(family and personal information concerning hearing loss,
previous testing, infections, discharge, tinnitus). This
noise exposure history is used to obtain a quantitative noise
exposure score for each individual for his lifetime prior to
the first examination.

(ii) The "Interval Audiometry Questionnaire"
(Appendix C) is very similar to the otological history part
of the preceding questionnaire, and is administered at the
second and subsequent audiometric examinations. It contains
questions relating to change of address, noise exposure,
otological history, changes in general health and the
possible occurrence of menarche since the previous visit.
The figures written beside the coding squares on this
questionnaire are the revised weightings being applied in the
computation of the noise scores. The interval noise exposure
questionnaire is used to obtain a total noise exposure score
for each individual for the 6-month interval prior to
testing. In addition, the data are used to obtain an event
score, a chain saw score, and a gun score (Appendix D).
These scores are obtained to identify those individuals most
likely to have been injured by noise exposure.

Other Procedural Aspects - These include:

(i) A visit for audiometric testing alone requires the
participant to be in the Institute for about 50 minutes.
Because of the large amount of data that has to be obtained
from each participant, both for this study and for others,
some additional visits specifically for the audiometric study
have become necessary.
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(ii) Skeletal maturity assessments (Greulich and
Pyle, 1959; median of bone-specific skeletal ages;
interpolating between standards to the nearest 3 months when
this appears appropriate) have been made for boys and girls
in the Fels Longitudinal Study. These assessments are not
made for the middle school participants.

(iii) The stature of each Fels participant is
recorded to the nearest millimeter at each examination using
a Harpenden anthropometer.

(iv) Some children with a marked hearing loss have
been identified and referred to appropriate physicians.
Their problems are described under "Hearing Problems" in the
RESULTS section.

RELIABILITY

The otological history for the Fels participants is
highly reliable because these data have been obtained
6-monthly since birth. There is evidence that histories
obtained over long intervals may be less reliable (Ciocco
and Palmer, 1941). Inter- and intra-observer differences
have been obtained for thresholds determined on Fels staff.
With the present audiometer these differences are small for
all frequencies and compare favorably with those reported by
Jordan and Eagles (1963) (Table 4).

The stature measurements are highly accurate (mean
interobserver difference 0.3 cm, s.d. 0.15 cm, N = 420;
Roche and Davila, 1972). Technicians assessing skeletal
maturity have been trained using a system shown to be
satisfactory (Roche et al., 1970) and have reached levels of
accuracy equal to, or better than, those reported by
experienced research workers and pediatric roentgenologists
(Johnston et al., 1973).

PROGRAMMING

Much more computer programming has been necessary than
originally envisioned. In part, this has resulted from
changes in the computer facility at The Fels Research
Institute and, in part, from the analysis of the elaborate
questionnaires. The programs that are available are:

AUDIO -- From user-supplied specifications, this
program selects a subsample of all
audiometric examinations and computes the
following:
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TABLE 4

INTRAOBSERVER DIFFERENCES

(N = 7 for each observer)
(Left ear only)

Frequency mean s.d.

Observer 1 500 2.53 1.94

1000 3.27 2.33

1000 4.41 2.92

2000 1.47 0.85

4000 2.94 2.05

6000 2.86 2.54

means 2.91 2.10

Observer 2 500 3.27 2.95

1000 2.29 2.43

1000 2.20 2.19

2000 2.29 1.38

4000 1.06 1.38

6000 2.20 1.40

means 2.22 1.96
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-- A listing of data for each examination
sorted by participant identification number
and examination date. The listing includes
ID#, examination date, birth date, age,
sex, examiner, all otological examination
comment codes, and, at each tonal frequency
for right, left, and better ear, as well as
the lateral difference, auditory threshold
levels and/or increments.

-- For each tonal frequency in each ear, a
frequency distribution including the level
of attenuation, number of individuals, and
proportion of the total at that level.

-- For each tonal frequency, general
distribution statistics of thresholds
and/or increments in right, left, better
ear and lateral differences. These
statistics include sample size, mean,
standard deviation, gamma one measure of
skewness, the significance level of the t
value for gamma one, gamma two, measure of
kurtosis, and the significance level of the
t value for gamma two.

-- For each tonal frequency, maximum,
minimum, and 10th, 25th, 50th, 75th, and
90th percentiles of right, left, better ear
and lateral differences.

-- Prevalence table of the scores from the
physical ear examination and general
comments, separated by ear and by sex.

SRTA -- This program separates noise questionnaire
data into history and interval files by sex
in preparation for AUDREAL.

AUDREAL -- This program operates on data from
noise exposure questionnaires. It checks
all input data for logical inconsistencies
or errors and lists any invalid data by ID
number and visit date. From user supplied
specifications and options the program will
calculate from either history or interval
data, the following:

-- a separate noise score for each question
according to assigned weightings,

-- total noise score, events score, gun
score and chain saw score,
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-- frequency distributions for each
question score and for the total scores,
and

-- an output file of all computed scores by
individual. This file is used as input for
other programs.

DUMP -- This program makes line printer copy of
any output file from AUDREAL. The AUDREAL
record is too large to use a conventional
system utility command.

SRTSCORE -- This program uses output files from
AUDREAL. Its purpose is to generate
appropriate input files for our general
purpose descriptive statistics program,
DISTAT. Utilizing user specified options,
the following may be done:

-- grouping by sex,

-- grouping by age,

-- missing data codes verified, and

-- selected questionnaire items omitted.

DISTAT -- This general purpose program computes
descriptive statistics for any series of
input variables. The statistics computed
include: sample size, mean, standard
deviation, gamma one measure of skewness, t
value for gamma one, gamma two, measure of
kurtosis, and t value for gamma two,
maximum, minimum, and 10th, 25th, 50th,
75th and 90th percentiles. These
statistics can be computed for any age and
sex category at the option of the user.

SPFEED -- This program prepares an input file and
control commands for the general purpose
Spearman rank correlation program, SPRACC.

SPRACC -- This program, using the input file from
SPFEED, computes the Spearman rank
correlation coefficient for pairs of input
variables. The program outputs the number
of variables pairs used, the correlation
coefficient and the significance of it.
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RESULTS AND DISCUSSION

* 'DATA BASE

Since 12 August 1975, a total of 449 audiometric
examinations have been made. This includes 49 children with
one examination, 125 with two, and 50 with three examinations
at approximately 6-month intervals. For reasons outlined
later, the auditory threshold data included in the present
analyses are those obtained after 26 January 1976; however,
the noise exposure histories, interval questionnaires, health
history and otological inspection results for the entire
period are included. Since 26 January 1976, there have been
280 examinations of 198 individuals, from 5 to 18 years of
age.

Early in the study it was found that reliable and
complete thresholds could not be obtained from children aged
less than 6 years, and at times the audiometric examinations
interfered with their cooperation in the regular Fels
program. Of the total examinations subsequent to 26 January
1976, there are 14 that are incomplete; 8 of these are for
children 6 years of age or younger. Examinations on children
under 6 years of age have now been discontinued. This
decision affects very few children; almost all are now more
than 6 years old.

Audiometric examinations are made six monthly,
approximately on birthdays and "half-birthdays." Therefore,
in the analyses, an age for example, "6 years" refers to all
those children measured on or about their sixth birthday
(i.e., children between 5.75 and 6.24 years). The exact age
distribution of the examinations is given in Figure 1. Of
the 280 examinations, 145 were of females, and 135 of males.
It is clear from Figure 1 that the number of children in each
age group is fairly uniform, except for the smaller numbers
at 5 and 18 years and the larger numbers at 13 and 14 years.
The latter is due to the addition of local school children to
the Fels sample in this age range, as explained earlier. The
distribution of children at each age is rather evenly divided
between the sexes.

The data subsequent to 26 January 1976 come from
examinations on 152 Fels participants and 46 of the local
school children. There are 117 individuals with one
examination, 80 with two, and one with three examinations.
The 76 children with two examinations separated by 5 to 7
months form the sample for analyses of 6-monthly increments
of hearing levels. Four children had their repeated
examinations separated by intervals outside the 5-7 months
range. Among these 76 children there are 35 boys and 41
girls; and 24 children from 6 to 11 years, and 52 from 12 to
17 years.
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TABLE 5. PERCENTAGE OF CHILDREN WITH SPECIFIC SCORES
REGARDING THRESHOLD TESTING

BOYS GIRLS

Age Score Continuity Quality of Continuity Quality of
Group of Testing Responses of Testing Responses

6-11 Years

0 67 65 61 68

1 17 4 20 5

2 0 0 0 0

3 2 4 5 0

4 8 4 5 2

5 2 2 0 0

6 2 2 7 0

7 0 0 0 0

8 2 13 2 18

9 -- 6 -- 7

12-17 Years

0 88 79 83 79

1 0 5 3 2

2 3 0 0 1

3 1 1 3 4

4 1 0 4 1

5 5 0 2 0

6 0 1 0 2

7 0 0 0 0

8 3 14 4 11

9 -- 0 -- 0

Based on approximately the following sample sizes: 6-11
years, 85 boys, 75 girls; 12-17 years, 122 boys, 139 girls.
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OTOLOGICAL INSPECTIONS

Preceding the testing of auditory thresholds, an
otological inspection was given each participant to record
deviations from normality. In each category a score of zero
indicates a normal finding. The definitions of the findings
indicated by each of the other scores of the otological
inspection are given in Appendix A. Tables 6 and 7 give the
score prevalences for right and left ear of boys and girls of
two age groups. The sample represented in these tables
includes all children examined since testing commenced in
August, 1975.

There is little difference between age groups or sexes
in the frequency of abnormal tragi, almost all being normal,
and a maximum of 2 percent in any age group being considered
"very large" (score = 1). The most frequent meatal
abnormalities concerned obstructions of the auditory canal
and small or slit-like meati. The younger girls tend to have
more problems with obstructions than the older girls. In the
6 to 11 year age group, 15 to 17 percent of the girls had at
least partial obstruction of the auditory canal in one ear.
None of the children examined had perforated ear drums, and
about one percent of the ears examined had some drum scars,
probably due to spontaneous or induced perforations that had
healed.

The most common abnormalities are those dealing with
the ability to see the cone of light reflected from the ear
drum on otoscopic inspection. In about 20 percent of the
inspections, the cone of light was not seen because of
auditory canal occlusion. The rather high frequencies of
scores other than zero or 1 for this item may indicate the
inexperience of the technicians, rather than ear pathology.
Three to 12 percent of boys and girls had drums that were
dull in appearance, lacking the lustre typical of the normal
tympanic membrane. There was little difference between the
age groups, although in older boys this tended to be more
common than in girls. From 1 to 3 percent of the children
inspected had ear drums that were red, suggesting some
inflammation. The frequencies of additional comments
(score = 8) suggests that the number of categories for each
item could be increased, or that many of the participant's
present conditions are not readily classifiable.

HEARING PROBLEMS

Otolaryngological examinations were made of children
found to have hearing problems during the investigation. A
child was identified as having a hearing problem if one or
more auditory thresholds were at or above 30 decibels. There
have been five such children.
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TABLE 6A. PERCENTAGE OF CHILDREN 6 TO 11 YEARS
OF AGE WITH SPECIFIC SCORES ON OTOLOGICAL

INSPECTION (RIGHT EAR).I

Cone of
Score Tragus Meatus Ear Drum Light Color

BOYS

0 98 81 88 66 81

1 0 0 0 18 1

2 -- 4 0 9 6

3 -- 6 0 -- 0

4 -- 0 .... 0

5 -- 4 ......

6 -- 0 ......

8 2 6 12 7 12

GIRLS

0 100 72 75 53 73

1 0 0 0 25 3

2 -- 15 4 13 5

3 -- 4 1 -- 0

4 -- 3 .... 0

5 -- 1 ......

6 -- 0 ......

8 0 5 20 8 19

1. See appendicesA and B for score definitions.
Based on approximately 85 boys and 75 girls.
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TABLE 6B. PERCENTAGE OF CHILDREN 6 TO 11 YEARS
OF AGE WITH SPECIFIC SCORES ON OTOLOGICAL
INSPECTION (LEFT EAR).'

Cone of
Score Tragus Meatus Ear Drum Lgt Color

BO0Y S

0 98 78 87 53 79

1 0 0 0 22 2

2 -- 5 0 16 6

3 -- 0 0 -

4 -- 2 - 0

5 -- 5 - -

6 -- 0 - -

8 2 6 13 8 13

0 1oo 69 77 59 73

1 0 3 0 21 1

2 -11 4 11 3

3 -- 5 0 -- 0

4 -- 1 - 0

5 -- 3 - -

6 -- 0 - -

8 0 8 19 9 23

1. See appendices A and B for score definitions.
Based on approximately 85 boys and 75 girls.
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TABLE 7A. PERCENTAGE OF CHILDREN 12 TO 17 YEARS
WITH SPECIFIC SCORES ON OTOLOGICAL INSPECTION 1

(RIGHT EAR).

Cone of
Score Tragus Meatus Ear Drum Light Color

BOYS

0 98 80 83 59 70

1 2 1 0 24 1

2 7 2 11 7

3 4 0 0

4 -- 0 0

5 -- 4

8 0 2 15 7 22

G I R L S

0 99 82 82 57 78

1 1 4 0 22 1

2 -- 9 5 13 4

3 -- 1 0 -- 0

4 -- 0 .... 0

5 -- 3 ......

0 -- 1 ......-

8 0 1 13 7 17

1. See appendices A and 5 for score definitions.

Based on approximately 122 boys and 139 girls.
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TABLE 7 B. PERCENTAGE OF CHILDREN 12 TO 17 YEARS
WITH SPECIFIC SCORES ON OTOLOGICAL INSPECTION

1

(LEFT EAR)

Cone of
Score Tragus Meatus Ear Drum Light Color

BOYS

0 98 80 82 63 66

1 2 0 0 20 2

2 -- 7 2 10 12

3 -- 4 1 -- 0

4 -- 0 .... 1

5 -- 3 ......

6 -- 2 ......

8 0 3 15 7 19

GIRLS

0 99 78 81 55 78

1 1 3 0 27 1

2 -- 9 2 12 4

3 -- 1 1 -- 0

4 -- 0 .... 1

5 -- 4 ......

6 -- 1 ......

8 0 3 16 6 16

1. See appendices A and B for score definitions.
Based on approximately 122 boys and 139 girls.
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He has had abve averaqe noise exposure (firecrackers,
iadic) and he h-- liad otitis med.ia. P is mother has a hearing
lcss ('20-40%") and she has the TV louder than the boy would
wi sh. I hai ra one ear infection in the past six months.

TH RES! Ci( E S

General Findings -- When the entire sample of boys and
r eis, aeine- at ter-January 26, 1976, is considered across

-Cies, several I eneral~ ations con be made about threshold
levels. Table 8 shows that the distributions of auditory

h reshol,s are sigirficantly and p. ositively skewed and are
siqnificantly 1eptokurtic. This is true at each frequency
and for each ear. The degree of non--normality is rather
censtin ' acrfos s freqcecies.

in hotb ears, the threshold means at 4000 and 6000
Hertz ire 2 to 3 decibels higher than those at the lower
'r-quen1Cies; these differences are significantly different by

t--test (p < 0. 01). The oel,7iations from normality of the
,istributions may inva] idate the exact significance of the
differences based on a parametric statist.cal test. However,
the results are sufficient to indicate reduced aural acuity
at tb- higher freouencies.

The-e is a similar decree of variation about the mean
threshold at -ar- froquency, as evidenced by the standard
deviations (Table 8), ranginq from about 7 to 9 dec ib-s.

ikewise, the st arci error of the mean at any frequency is

n(-ar, 0.5 Jecibois. Tin Tables 8 through 16, as for Tables 23
tb ro!gh 31 , head in(-s,f "'ncKW" and " KURT" indicate skewness

and kurtosi s (cr )r , res ecti.vely. .PS.W" and "KURT"

are the siijrfican e eve],$ for the t statistic testing for
o-,ness ur turirsis. ,, lue of .0001 is o-iven ehen the

s , iri fic!c i c ths ] an or equal to. 0001 and likewise a
va] IIe of 1.0 i s ivn -.f the signifj.cance is greater than
.999Q. The exl-ent of the variation is evident also from the
percenti los of the thresholds (Table 8). The range of the
middrile quartiles j -boit 8 to 10 decibels. Thus, 50 percent
cf the I.,- ,sholk 1 u are wIit-hin 4 or 5 decibels of the

!nt "rest. i n(ly, a conside rable prop or tion of t!e
partici[,:ints have thresholds at -10 an,! -12 decibels. The
later is the lower limit of the audiometer used in this
st-, y . This iq ial • evid,_nt from the percentiles (Table

) t £.c frr, que1 t- the , nrnpetien qf children with
tr-esh lI I a (. below -10 decibe s is near 9 p ercent for the
rioht ea-r, and n I p-r,-,t. for the left ear. A larer
rr,-er. iuof t-o 17 yer c Hs have these low threshol[,s
hean ' to ] - d'] .1"hi i ' shown qraplhicaliy for the

r I,1ht r, r i r, Fi, r- 2 t- 6, These fiqir -s are discussed in
. ,-, i 1 L,-



TABLE 8 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS

IN THE STUDY SAMPLE (BOYS A.FiD GIiJLZ COMBINED)

FIREOIIENCY
(HERTZ) N WEAN SD SKEW PSKFW KIIRT PKIIRT

RIGHT FAR
500 277 0.21 8.00 3.25 0.o001 25.41 0.0001

1000 291 -0.7S 7.87 3.95 0.0001 34.50 0.0001

2000 2R1 -O.87 7.64 3.33 0.0001 28.12 0.00A1

4000 280 1.51 8.55 3.95 0.0001 39.01 0.0O01

6000 270 2.06 9.58 3.00 0.0001 24.14 0.0001

LEFT FAR
500 266 -0.86 8.14 3.40 0.0001 2 8.3Q 0.0001

1000 271 -2.04 9.08 4.53 0.00"01 33.47 0.0nO0

2000 270 -2.78 8.62 3.83 0.0001 27.99 0.0001

4000 26q 0.98 9.65 3.29 0.0001 23.70 0.0001

6000 269 1.46 9.61 1.91 0.0001 13.37 0.0001

BETTER EAR
50 278 -2.1S 7.59 3.q2 0.0001 35.37 o.nn00

1000 281 -3.46 7.23 5.28 0.0001 h5.24 0.nn

2000 281 -4.11 7.35 4.37 0.0001 3q.64 0.0001

4000 280 -1.57 9.12 4.49 0.0001 46.33 0.0001

6000 279 -1..33 8.71 2.86 0.0001 22.96 0.0001

LEFT-RIGHT DIFFERFNCFS
500 265 -1.04** 5.61 -0.21 0.1491 4.45 0.0001

1000 271 -1.13* 1.69 3.45 0.0001 28.49 0.0001

2000 270 -1.79"* 7.33 2.02 0.0001 15.62 0.0001

4000 269 -0.49 8.65 1.17 0.0001 5.59 0.0001

6000 269 -0.73 8.32 -0.20 0.1732 0.13 0.9813

PERCENTILES

SEOCI(ENCY
(ERTZ) MIN 10 25 MEDIAN 75 90 MAX

RIGHT FAR
500 -12 -8.0 -4.0 0.0 4.0 8.0 74
1000 -12 -R.O -5.0 -2.0 2.0 6.0 7R

2000 -12 -10.0 -6.0 -2.0 2.0 6.0 72

4000 -12 -9.0 -4.0 2.0 6.0 10.0 90

6000 -12 -9.0 -4.0 2.0 6.0 12.0 90

I.ET EAR
500 -12 -10.0 -6.0 -2.0 2.0 9.0 76
1000 -12 -10.0 -6.0 -4.0 0.0 6.0 A2

2000 -12 -17.0 -9.0 -4.0 0.0 6..0 76
4000 -12 -10.0 -4.0 0.0 6.0 8.0 86

6000 -12 -10.0 -6.0 2.0 o.0 12.0 78

RETTKR FAR
500 -12 -12.0 -6.0 -2.0 0.0 6.0 74

1000 -12 -10.0 -R.O -4.0 0.0 4.0 7R

2000 -12 -12.0 -. 0 -6.0 -2.0 4.0 72
4000 -12 -12.0 -6.0 -2.0 2.0 6.0 R6

6000 -12 -12.0 -9.0 -2.0 4.0 8.0 78

I,FFT-RIGHT DIF FEHVMcFS
500 -30 -6.0 -4.0 000 2.0 6.0 26

1000 -30 -9.0 -4.0 -2.0 2.0 4.0 60

2000 -10 -10.0 -6.0 -2.0 2.0 6.0 56
4000 -26 -10.0 -4.0 0.0 4.0 9.0 46

6000 -24 -12.0 -6.0 0.0 4.0 10.0 22

* . 0 1cp j. 0 5

** p .0i
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Comparison of Age Groups and Sexes - The threshold
distributions of boys (Table 9) are more skewed and less
leptokurtic than those of the girls (Table 10) at
corresponding frequencies. At several frequencies the
measures of skewness and kurtosis for girls are on the
borderline of significance, whereas for boys there is highly
significant, positive skewness and leptokurtosis at all
frequencies.

At every frequency girls have lower mean thresholds
than boys, and their percentiles tend to be lower than the
corresponding ones for boys (Tables 9 and 10). In addition,
the girls tend to have smaller threshold variances.

For both boys and girls, the younger age group, 6 to 11
years old, generally has normally distributed threshold
distributions (Tables 11, boys; 12, girls). As in the total

-. sample, the younger females tend to have lower means and
ejans at each frequency than the boys; however, the

diff!rences are not statistically significant. The
differences between sexes for mean thresholds in the older
age group of 12 to 17-year-olds (Tables 13 boys; 14, girls)
are similar to ' overall sex differences, largely because
this group comprisLe. about two-thirds of the total sample.
The same is true for itedians and other percentiles.

One finding consistent with observations on the total
sample, and present in each age and sex group, is that
hearing thresholds tend to be higher at the 4000 and 6000
Hertz frequencies than at the lower flsQuencies. As will be
discussed in a later section, these highere frequencies also
have larger six-monthly increments th .. the lower
frequencies.

When the 6 to ll-year-olds (Table 15) are compared as a
group to the 12 to 17-year-olds (Table 16), it can be seen
the older group has lower mean and median thresholds at each
frequency. The entire distribution for the older children is
shifted towards lower threshold levels relative to the
younger group. This can be seen by comparing corresponding
data for the two groups, as shown in Tables 15 and 16 and
Figures 2 through 6. These figures show the proportion in
each age group hearing at specific auditory threshold levels
in the right ear at each tonal frequency. There is a shift
toward lower thresholds at most frequencies in the older
group.

Furthermore, there is a significant Spearman rank
correlation between age and auditory thresholds in the better
ear at every frequency (Table 17). The correlations are
negative and in the range of -.2 to -.4, being generally
larger at the lower frequencies. This means that as the
children get older their thresholds get lower; that is, they
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TABbE 9 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS IN BOYS

FREQUENCY

(HERTZ) N MEAN SD SKFW PSKFW KURT PKIIRT
~RIGHT FAR

500 134 1.00 9.33 3.79 0.0001 26.15 0.0001

1000 136 0.13 9.34 4.50 0.0001 33.58 0.0001

2000 136 -0.47 9.09 3.83 0.0001 27.58 0.0001

4000 136 2.01 10.10 4.73 0.0001 39.R 0.0001

6000 134 2.78 10.95 3.86 0.0001 28.01 0.0001

LEFT FAR
500 133 0.41 9.18 4.40 0.0001 32.52 0.0o01

1000 134 -1.25 9.49 5.18 0.0001 41.86 0.0001

2000 134 -2.13 9.25 4.64 0.0001 35.64 0.0001

4000 134 1.43 9.78 4.72 0.0001 39.38 0.0001

6000 134 2.69 10.79 2.50 0.0001 15.68 0.0001
BETTER EAR

500 135 -1.16 8.89 4.69 0.0001 35.97 0.0001

1000 136 -2.38 8.91 5.51 0.0001 46.32 0.0001

2000 136 -3.24 A.85 4.72 0.0001 36.24 0.0001

4000 136 -0.99 9.67 5.27 0.0001 45.60 0.0001

6000 135 -0.28 10.05 3.52 0.0001 24.98 0.o01

LIFT-RIGHT DTFPF FENCFS
500 132 -0.77 5.22 -0.61 0.004, 1.35 0.0019

1000 134 -1.2k** 5.19 -0.39 0.0635 2.7% 0.0001

2000 134 -1.58"* 5.32 -0.47 0.0241 1.45 0.0009

4000 134 -0.52 7.33 0.11 0.9389 0.17 n.q845

6000 133 -0.14 8.06 -0.36 0.0813 0.13 0.9q76

FREQUENCY PERCENTILES

HERTZ) M I N 10 25 MEDIAN 75 90 MAX

RIGIT FAR
500 -12 -7.0 -4.0 0.0 4.0 8.0 74

1000 -12 -8.0 -4.0 .2.0 4.0 6.6 78

2000 -12 -10.0 -6.0 -2.0 4.0 6.6 72

4000 -12 -8.6 -2.0 2.0 6.0 10.0 90

6000 -12 -R.0 -4.0 2.0 8.0 12.0 90

LFFT FAR
500 -12 -R.O -4.0 0.0 4.0 A.0 76

1000 -12 -10.0 -6.0 -2.0 2.0 7.0 82

2000 -12 -10.0 -6.0 -4.0 2.0 6.0 76

4000 -12 -9.0 -4.0 1.0 6.0 8.0 86

6000 -12 -10.0 -4.0 2.0 8.0 14.0 78

RFTTFR FAR
500 -12 -10.0 -6.0 -2.0 2.0 6.0 74

1000 -12 -10.0 -6.0 -4.0 0.0 4.6 78

2000 -12 -12.0 -8.0 -4.0 0.0 4.0 72

4000 -12 -12.0 -6.0 -2.0 2.0 6.0 86

6000 -12 -12.0 -8.0 0.0 4.0 10.0 78

IFFT-RIG;1tT ITFFF .ENCFS
500 -20 -8.0 -2.0 0.0 2.0 6.0 14

1000 -24 -8.0 -4.0 -2.0 2.0 4.0 16

2000 -22 -8.0 -4.0 0.0 2.0 4.0 14

4000 -16 -11.0 -4.0 0.0 4.0 8.0 20

6000 -22 -11.2 .6.0 0.0 5.0 10.0 20

** p g.01
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TABLE 10 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS

IN GIRLS

FRFOIUwCY
(HERTZ) N MEAN SD SKEW PSKEW KURT PKIIRT
RIGHT EAR
500 143 -0.53 6.45 0.90 0.0001 2.29 0.0001
1000 145 -1.57 6.11 0.76 0.0005 1.35 0.0012
2000 145 -1.24 5.96 0.57 0.0055 0.70 O.0Ro0
4000 144 1.03 6.78 0.39 0.0531 0.20 0.9524
6000 144 1.39 8.09 0.50 0.0129 0.23 0.9210
I.EFI EAR
500 131 -2.12 6.74 0.38 0.0663 -0.52 0.2134
1000 137 -2.80 8.63 3.66 0.0001 20.07 0.0001
2000 136 -3.41 7.q3 .2.41 0.0001 10.99 0.0001
4000 135 0.53 9.55 1.75 0.0001 5.73 0.0001
6000 135 0.24 8.13 0.15 0.8420 -0.66 0.1110
BETTER EAR
500 143 -3.09 5.97 0.3H 0.0567 -0.05 1.000
1000 145 -4.47 5.03 0.52 0.0096 0.12 O.qq6
2000 145 -4.94 5.49 1.06 0.0001 2.09 0.0001
4000 144 -2.13 6.30 0.31 0.1169 0.07 1.0000
6000 144 -2.32 7.14 0.50 0.0136 0.25 0.8q21
IEFT-RIGHT DIFFERENCES
500 133 -1.31* 5.97 0.09 0.9R60 6.08 0.0o01
1000 137 -0.99 9.53 3.61 0.0001 22.61 0.o001
2000 136 -1.97* 8.89 2.39 0.0001 13.72 0.0001
4000 135 -0.46 9.81 1.55 0.0001 6.33 0.0001
6000 135 -1.32 8.55 -0.05 0.9999 0.13 0.9973

PERCENTI [,ES

FREOIIENCy
(HERTZ) MIN 10 25 MEDIAN 75 qo MAX
RIGHT EAR
500 -12 -8.0 -4.0 -2.0 4.0 7.2 2R

1000 -12 -10.0 -6.0 -2.0 2.0 6.0 24
2000 -12 -10.0 -6.0 -2.0 2.0 6.0 20
4000 -12 -7.0 -4.0 0.0 6.0 10.0 22
6000 -12 -10.0 -4.0 2.0 6.0 12.0 24
LEFT EAR
500 -17 -12.0 -6.0 -2.0 2.0 8.0 14

1000 -12 -12.0 -9.0 -4.0 0.0 6.0 54
2000 -12 -12.0 -R.0 -4.0 0.0 4.6 46
4000 -12 -12.0 -6.0 0.0 4.0 8.8 46
6000 -12 -12.0 -6.0 0.0 6.0 10.0 24
HETTER EAR
500 -12 -12.0 -8.0 -4.0 0.0 4.0 16
1oon -12 -12.0 -8.0 -4.0 -2.0 2.0 10
2000 -12 -12.0 -10.0 -6.0 -2.0 2.0 20
4000 -12 -12.0 -6.0 -2.0 2.0 6.0 20
6000 -12 -12.0 -P.0 -2.0 2.0 6.0 24
I,EFT-RIGHT 1)TFFERF NCFS
500 -30 -6.0 -4.0 -2.0 2.0 6.0 26
1000 -30 -R.0 -5.0 -2.0 2.0 4.4 60

2000 -30 -10.6 -6.0 -2.0 0.0 6.0 56
4000 -26 -10.0 -6.0 0.0 2.0 9.0 46
6000 -24 -14.0 -6.0 0.0 4.0 10.0 22

• .014 p . . 0
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TABLE 11 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS
IN BOYS 6-11 YEARS OLD

FREO1IENCY
(HERTZ) N MEAN SD SKEW PSKEW KURT PKIIRT
RTGHT EAR

500 51 1.96 7.80 0.99 0.0036 0.90 0.1672
1000 52 0.92 7.87 0,88 0.0080 0.77 0.2333
2000 52 0.15 6.61 0.61 0.0640 0.8p 0.175R
4000 52 2.3g 5.93 -0.37 0.2691 -0.33 0.q504
6000 51 3.10 7.R6 0.33 0.6804 0.06 1.0000

LEFT EAR
500 50 1.48 6.50 1.09 0.0018 1.ql 0.0046
1000 51 -0.39 5,97 0.43 0.1921 -0.58 0.7386
2000 51 -1.80 6.39 0.95 0.0958 0.25 0.q912
4000 51 1.33 5.65 -0.38 0.2540 -0.61 0.6Q97
6000 51 3.96 7.89 o.11 0.9965 -0.0s 1.no

HETTER EAR
500 52 -0.23 6.36 1.17 0.0008 2.72 0.0002
1000 52 -1.69 5.9? 0.56 0.0848 -0.24 0.9934
2000 52 -2.62 6.27 0.71 0.0314 0.75 0.2456
4000 52 -0.69 5.40 -0.25 0.8087 -0.58 0.7409
6000 52 O.8R 7.12 0.00 1.0000 -0.65 0.6840
LEFT-RPTHT DIFFEHECES
500 49 -0.98 5.69 -1.01 0.0036 1.R6 0.0n60
1000 51 -1.37 5.86 -1.25 0.0005 3.00 0.0001
2000 51 -1.92" S.18 -1.19 0.0007 3.07 0.0001
4000 51 -1.14 6.94 -0.06 1.0000 0.2R 0.9807
6000 50 0.76 7.47 -0.47 0.1645 0.88 0.1828

PERCENTILES

FREOIJENCY
(HERTZ) MIN 10 25 MEDIAN 75 90 MAX
RIGHT EAR
500 -12 -6.0 -4.0 0.0 6.0 12.0 26

1000 -12 -7.4 -5.5 0.0 4.0 12.8 24
2000 -12 -8.0 -4.0 0.0 4.0 8.0 22
4000 -12 -6.0 -2.0 2.0 6.0 10.0 14
6000 -12 -7.6 -2.0 4.0 8.0 14.0 26
LEFT EAR
500 -10 -6.0 -2.0 0.0 4.5 8.0 24
1000 -12 -7.6 -4.0 -2.0 4.0 8.n 14
2000 -12 -10.0 -6.0 -2.0 4.0 5.6 18
4000 -12 -6.0 -4.0 2.0 6.0 8.0 12
6000 -12 -9.6 0.0 4.0 8.0 15.6 24
BETTER EAR
500 -12 -7.4 -4.0 -2.0 4.0 6.0 24
1000 -12 -8.0 -6.0 -2.0 2.0 7.4 14
2000 -12 -10.0 -8.0 -2.0 2.0 4.0 18
4000 -12 -10.0 -4.0 0.0 2.0 6.0 10
6000 -12 -10.0 -2.0 0.0 4.0 11.4 16
I,EFT-RJ(;HT DIFFERENCES

500 -20 -10.0 -3.0 0.0 2.0 6.0 10
1000 -24 -8.0 -4.0 0.0 2.0 5.6 10
2000 -22 -9.2 -4.0 -2.0 0.0 4.0 a
4000 -16 -13.6 -4.0 0.0 2.0 8.0 113
6000 -22 -7.R -4.0 2.0 4.0 10.0 16

* .014p .05
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TABLE 12 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS IN

GIRLS 6-11 YEARS OLD

FREOUIKNCY
(HERTZ) N MEAN SD SKEW PSKEW KURT PKIIRT
RTHT EAR
500 43 0.93 551R 0.25 0.460 0.3q Ooqt42
1000 44 -0.18 5.10 -0.39 0.270 -0.5h 0.70h9
2000 44 -0.32 5.03 0.00 1.0000 -0.34 0.9604
4000 43 2.37 7.56 0.33 0.7237 0.01 1.000
6000 43 3.21 7.33 0.4H 0.1R02 0.37 0.9472
I.EFT EAR
500 35 O.6Q 6.74 -0.24 0.R997 -0.60 0.4054
1000 39 -1.03 6.49 0.52 0.16140 -0.31 0.9127
2000 39 -2.31 5.R3 0.02 1.0000 -0.92 0.2127
4000 17 1.14 7.30 0.39 0.6831 -0.17 0.q99
6000 37 1.46 7.OR -0.03 1.o00 -0.79 0.79R6
PETTKR EAR
500 43 -0.60 5.99 0.04 1.0000 0.17 0.9999
1000 44 -2.23 5.37 -0.04 1.0000 -0.67 0.7014
2000 44 -3.64 4.61 -0.05 1.0000 -0.74 0.2925
4000 43 -0.70 6.31 0.01 1,0000 -0.55 O.Rolq
6000 43 -0.23 5.R -0.27 0.8196 -0.77 0.203
LE'T-RIGHT DTFFVRFNCVS
500 35 0.00 5.02 -0.R4 0.0344 0.94 0.727()

1000 39 -0.46 6.1s 0.01 1.0000 0.95 0.1972
2000 39 -7.26 * 6.23 -0.04 1.000o -0.73 0.6R9)
4000 37 -1.62 7.04 -0.21A 0.8427 0.7A 0.3030
6000 37 -2.27 7.7 0.30 0.904S 1.0h 0.1604

PERCENTILFS

FREQIIENCY
(HRTZ) MIN 10 25 MEfDIAN 7S 90 MAX
RTGIIT EAR
500 -12 -6.0 -2.0 0.0 4.0 7.2 1h
1000 -12 -7.0 -4.0 0.0 4.0 (.o A4
2000 -12 -7.0 -4.0 -1.0 4.0 6.0 12
4000 -12 -6.0 -4.0 2.0 P.0 11.2 22
6000 -12 -6.0 -2.0 2.0 8.0 13.6 24
1,EFT EAR
500 -12 -12.0 -4.0 0.0 h.n 10.0 14

1000 -12 -10.0 -4.0 -2.0 2.) 10.0 14
2000 -12 -10.0 -6.0 -7.0 2.€, 6.0 10
4000 -12 -8.4 -6.0 7.0 6..3 q.2 20
6000 -12 -10.0 -4.0 2.0 6.0 10.4 i6
BETTER EAR
500 -12 -10.4 -4.0 0.0 4.0 7.7 16
1000 -12 -11.0 -6.0 -2.0 0.0 6.0 A
2000 -12 -10.0 -7.5 -4.0 0.0 3.0 6
4000 -12 -10.0 -6.0 0.0 4.0 6.0 14
6000 -12 -10.0 -4.0 n.o 4.0 9.0 10
LEFT-RIGHT OTEFERENCES
500 -16 -6.0 -2.0 0.0 4.0 6.0 9

1000 -18 -6.0 -4.0 0.0 2.0 R.0 14
2000 -16 -10.0 -6.0 -2.0 2.0 6.0 10
4000 -22 -14.1 -6.0 -2.0 3.0 6.4 16
6000 -11 -14.4 -6,0 0.0 2.0 6.4 22

• .014 p .0 5
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TABLE 13 - DESCRIPTIVE STATISTICS OF AUDITORY TilRESdOLD LEVELS IN
BOYS 12-17 YEARS OLD

* FRFOUENCY
(HERTZ) N MFAN SD SKEW PSKFW KIURT priswr
PIGtIT EAR
500 80 0.12 1O.IH 4.71 0.o0o 32.01 0.OinI
1000 80 -0.73 10.14 5.80 0.0001 42.53 0.0001
2000 8O -1.00 10.31 4.44 0.0001 PR.8. o.0ooi
4000 80 1 .*5 1?.21 4.t6 0.0001 il o., 0.f1001

6000 80 2.51 12.72 4.11 0.0001 25.51 1).001
LEFT EAR
500 80 -0.7o 10.35 5.11 0.0001 Th.00 0.0onI
1000 80 -2.17 11.12 5.51 0.0O00 30.42 0.,001
2000 R0 -2.40 10.75 4.01 O.00n 32.1 f, 0.0()1
4000 80 1.30 11,80 4.55 ( 0("m 1 30. sO 0.0OClI
6000 80 1.60 12.34 ?.q5 0.( 01 '.1 0.00(0?I
BETTER FAR

500 80 -2.10 10.10 5.35 0.0l' 7.01 0. 'Yl

1000 90 -3.22 10.12 6,07 ,00(, 45.12 0.' 001
2000 80 -4.85 10.15 .1 n. 0G.I I If. ii 0.0,101
4000 80 -1 .50 11.71 5.15 0.000l 1. 1 O.0f01
6000 80 -1.20 II .63 3. 98 O.fl-' (; 24.?6 0.(,i

lFFT-P tCGIT D1 FF'IKP:sCFS
500 80 -O.p? 4.93 -0.2o O.Hi11 0.4) 0.7 0,

1000 R0 -1.45* *i.41
)  

n .S 0.0 2.10 0.00 1
2000 80 -1 ..11 ** 5.48 -0.11 0.9A54 n l .. 6- 0 . ,,2
4000 80 -0.2H 7. 5 0.21 0.HoI1 -r,.02 1.Oj00

6000 80 -0.93 9.41 -0.24 0.7427 -0.23 0.Q775

P4 PCF?4T IUS

FR OIIFNC Y

(HFRT7) MIN 10 25 ME[IAN 75 9,) MAX
RIGHT FAR
500 -12 -H.0 -4.0 0.0 2.0 h.0 74

1000 -12 -H.0 -4.0 -2.0 1. 5 4.0 7P

2000 -12 -10.0 -f).0 -2.0 2,0 6.0 72
4000 -12 -10.0( -4.0 2.0 5.5 O .n
6000 -12 -8.0 -'1.0 ,0 1.5 12.1) 0,

I,FV1 EA P
Soo -2 - .0 -, -2.0 2.C. .8 7
1000 -12 -110.0 -7.5 -4.0 0.0 5.s P2
200)0 -1) -11.0 -6.0 -4.0 0.0 6.0 76
4000 -12 -12.0 -4.0 0.0 5.5, R., At,

60no -12 -10.0 -A.0 2. 0 , ,0 78
PFTT R FAR

500 -12 -10.0 -6.0 -p.o A.0 4.0 74

1000 -12 -10.0 -R.0 -4.0 -2.0 2,0 7A
2000 -12 -17.O -o .0 -6.0 -2.- ).0 79
4000 - 2 -12.0 -f, -A .( 6t0
6000 -1 2 -120 -,(:) Q . 7 k
l,FFT-P T;HT [ I .*Poi ' c. s
500 -12 -K..0 -I.5 00 . 6.0 14

1000 -14 -f.0 -4.0 -2.0 1 . 4., It'
2000 -10 -8.0 -5.5 0, .o .. 14
4000 - 1 -10.0 -4.1 00 n. 7

6000 -27 -1.0 -b,0 1.0 5. 1(1.0 20

**p .01



TABLE 14 -. DESCRIPTIVE STATISTICS OF AUDITC'±Y THRESHOLD LEVELS IN
GIRLS 12-J]7 YEARS OLD

( IIFPTZ N MFA. St) SKRW PSK F W KlIRT PKIIHT
.,~ ~ I r ,{'r VA P

500 95 -1.22 6.71 1.21 0.0001 3.2R O.o00l

1000 96 -2.10 6.33 1.18 0.0001 2.15 0.oo01
2000 96 -1.77 6.04 0.50 0.049P 0.20 0.q959i
4000 96 0.i5l 6,1m 0.11 O.QHl1 -0.44 n.721
t,000 96 0.77 8.40 0.57 0.0196 0.14 0.9940
1. FFT VAR

* 500 9- "2.(; i b.4
9  

0.60 0.0151 0.I0 1.000
1000 95 -3.33 9.34 4.10 0.000I 21.74 0.0001
2000 94 -3.70 8.70 2.67 0.0001 10.69 0.0001
4060 0" 0.3H 10.44 1.9b 0.0001 5.49 0.0001
6000 O5 0.00 R.43 0.23 0.7267 -0.66 O.17qh
HF:TTEP HA

500 95 -4.25 -. 4 0.148 V. 0 ,9 0.23 0.9697
1000 96 -9.4q 4.24 0.S 0.01H? 0.95 0.0488
?0r,0 9 -5.b9 5.26 0).()? 0.085 0.5s 0.25895
4000 96 -2.96 5 . ( .0F8 0.1997q -0.R] 0.0977
6000 -A -I .C, 7.53 0.81 0.o 016 :.71 0.140F

" to',~ Tf PF tC S
500 99 -!.1] ,6.11 0.30 0.2179 6.72 0.0001
1000 95 -1.22 io.j1 3.69 0.0001 20.21 0.0001
2000 j4 -1.7" (.92 2.49 0.0001 12.29 0.o001
4000 99 -0.0 2 10., 83 1.f0 0.0001 5.3H 0.0001
6000 95 -0.84 8.84 -0.16 0.8899 -0.0q 1.0000

PritC E NT I L E,

F6 F'0[I V( 'C Y

(HVRF7) MrN 110) 2S ki ED I A N !5 90 MAX
* R1(,F)T R.AH

500 -12 -10.. -2.0 2.0 6.8 2"
1000 -12 -1lC,0 -6.0 -4.0 0.0 6.0 24
2000 -12 -10.0 -6.0 -2.0 2.0 6.0 IH
4000 -12 -R.0 -4.0 0.0 6.0 g.0 16
6600 -12 -I.6 -6.0 0.0 5.5 12.6 24
IFFT RAP
500 -12 -12.0 -8.0 -4.0 0.0 6.- 14

i0o0 -12 -12.0 -A.0 -4.0 -2.0 2.g 54
20,00 -12 -12.0 -10.0 -6.0 ().0 5.0 46
4000 -1) -12.0 -e).0 0.0 4.0 10.0 46
6*01( -12 -12.) -8.0 0.0 6.0 10.0 24
' r '9T' 7 P, . P
500 -1) -12.0 -. -. ,0 0.0 2.0 14
1600 -1 -12.0 -R.0 -,.0 -4.0 0.0 10
2001) -22 -12.o -10.0 -o.0 -4.0 n. 6 1
4000 -12 -12.0 -8. () -2,0 (.r 4.0 10

;,, -12 -.i .0 -'10.0 -4.0 2,0 6.0 24
I.,:8T- P20 I TF i .( I

900 -0 --. 4,0 .2.0 0, 6 4.R 26
1060) -30 -8.9 -h.0 -2. 0.0 4.0 60
200u -1n -12.0 -6.0 -2.0 0.0 6.0 56
40' - 1 -0. 0 -4.0 0.0 2.. 10.0 46
60(r) -24 -12.h -. 0.0 6.0 10.0 22
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TABLE 15 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS IN
6-11 YEAR OLDS (BOYS AND GIRLS COMBINED)

FR QUENCY
(HERTZ) N MEAN SD SKEW PSKEW KURT PKUIRT
RIGHT EAR

500 94 1.49 6.86 0.93 0.0005 1.4S 0.0039
1000 96 0.42 6.73 0.78 n.0021 1.48 0.0031
2000 96 -0.06 5.91 0.49 0.0443 0.99 0.0402
4000 95 2.38 6,68 0.0A 0.99R0 0.14 0.9990
6000 94 3.1) 7.58 0.40 0.1058 0.26 0.9402
LEFT EAR

500 85 1.15 6.57 0.51 0.0501 1.03 0.0440
1000 90 -0.67 6.17 0.47 0.0615 -0.39 0.8091
2000 90 -2.02 6.13 0.37 0.1378 -0.02 1.000n
4000 88 1.25 6.36 0.0H 0. 9 QH) -0.10 1.0000
6000 88 2.91 7.62 0.11 0.9784 -0.14 0.9991
RETTER EAR
500 95 -0.40 6.17 0.72 0.0042 1.q0 0.0003
1000 96 -1.94 5.65 0.35 0.1521 -0.25 0.948H
2000 96 -3.08 5.57 0.61 0.0131 1.00 0.0399
4000 95 -0.69 5.80 -0.11 0.9811 -0.45 0.7262
6000 95 0.38 6.58 -0.04 1.0000 -0.51 0.2q68
LEFT-RIGHT DIFFERENCES

500 84 -0.57 5.41 -1.00 0.0004 1.R2 0.0009
1000 90 -0.R 5.97 -0.66 0.0101 2.29 O.0n01
2000 90 -2.07 5.63 -0.56 0.0256 0.90 0.0707
4000 88 -1.34 6.95 -0.16 0.8967 0.60 0.2411
6000 87 -0.53 1.11 -0.13 0.9466 0.70 0.1710

PERCENTILES

FREOIIENCY
(HERTZ) MIN 10 25 MEDIAN 75 90 MAX
RIGHT EAR
500 -12 -6.0 -2.5 0.0 4.5 9.0 26
1000 -12 -6.6 -4.0 0.0 4.0 8.0 24
2000 -12 -8.0 -q.o 0.0 4.0 6.0 22
4000 -12 -6.0 -2.0 2.0 6.0 10.0 22
6000 -12 -6.0 -2.0 2.0 8.0 14.0 26
IEFT EAR
500 -12 -6.0 -3.0 0.0 5.0 8.8 74
1000 -12 -R.0 -4.0 -2.0 4.0 8.0 14
2000 -12 -1o.0 -6.0 -7.0 2.0 5.8 18
4000 -12 -6.2 -4.0 2.0 6.0 A.0 20
6000 -12 -10.0 -2.0 3.0 8.0 12.2 24
BETTER FAR
500 -12 -A.0 -4.0 0.0 4.0 6.0 24
1000 -12 -8.6 -6.0 -2.0 2.0 6.0 14
2000 -12 -10.0 -8.0 -4.0 0.0 4.0 1R
4000 -12 -10.0 -4.0 0.0 4.0 6.0 14
6000 -12 -10.0 -4.0 0.0 4.0 10.0 16
LEFT-RIGHT DIFFERENCES
500 -20 -6.0 -2.0 0.0 2.0 6.0 10
1000 -24 -8.0 -4.0 0.0 2.0 6.0 14
2000 -22 -10.0 -6.0 -2.0 2.0 6.0 10
4000 -22 -12.0 -4.0 -2.0 2.0 8.0 18
6000 -22 -10.0 -6.0 0.0 2.0 10.0 22

** pe .0.
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TABLE 16 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS IN

12-17 YEAR OLDS (BOYS AND GIRLS COMBINED)

FPEQlFNCY
(HERrz3 N MEAN SD SKEW PSKFW KUJRT PKIIRT
RIGHT EAR

500 175 -0.61 0.47 4.16 0.0001 42.92 0.0001
1000 176 -1.48 8.29 5.73 0.0001 46.14 0.0001
2000 17h -1.45 8.24 4.13 0.0001 33.77 0.0001
4000 176 0.91 9.40 4.77 0.0001 43.49 0.0001
6000 176 1.57 10.59 3.4q 0.0001 25.H4 0.o001
IEFT EAR
500 175 -1.91 8.52 4.51 0.0001 17.R5 0.0001
1000 175 -2.80 10.18 5.06 0.0001 33.96 0.oo01
2000 174 -3.10 9.69 4.18 0.0001 27.37 0.O0l
4000 17S 0.80 11.06 3.39 0.0001 20.85 o.0o00
6000 175 0.74 10.40 2.40 0.0001 15.46 0.0001
BETTER EAR
500 175 -3.27 7.96 5.30 0.000l 48.45 0.P0o1
1000 176 -4.45 7.69 7.05 0.0001 72.67 0.o01
2000 176 -4.R5 7.90 5.4R 0.0001 4R.85 0.0001
4000 176 -2.30 9.03 5.27 0.0001 49.44 0.0001
6000 176 -2.23 9.63 3.52 0.0001 25.46 0.0001
LEFT-RIGHT D0FFFRENCF5
500 175 -1..0** S.77 0.11 0.9131 5.63 0.o00

1000 175 -1.34* 8.45 4.17 0.0001 .0.07 0.0001
2000 174 -1.56* R.17 2.32 0.0001 15.03 0.0001
4000 175 -0.14 9.48 1.3S 0.0001 5.38 0.0o01
6000 175 -0.88 8.62 -0.19 0.29HR -0.11 0.9qsh

PERCENTILE S

FRFOUEAICY
(HERTZ) MIN 10 2S MEDTAN 75 90 MAX
RIGHT EAR
500 -12 -8.8 -4.0 -2.0 2.0 6.0 74
1000 -12 -8.6 -6.0 -2.0 0.0 4.0 78
2000 -12 -10.0 -6.0 -2.0 2.0 6.0 72
4000 -12 -10.0 -4.0 0,0 6.0 8.6 90
6000 -12 -*0.0 -6.0 0.0 6.0 12.0 90
LEFT EAR
500 -12 -10.0 -6.0 -2.0 2.0 6.0 76
1000 -12 -10.0 -8.0 -4.0 (.n 4.0 R2
2000 -12 -1?.0 -8.0 -4.0 0.0 6.0 76
4000 -12 -12.0 -6.0 0.0 4.0 R.H 86
6000 -12 -12.0 -8.0 0.0 6.0 12.0 78
BETTER EAR
500 -12 -12.0 -8.0 -4.0 0.0 2.A 74
1000 -12 -12.0 -R.0 -4.0 -2.0 0.0 78
2000 -12 -12.0 -10.0 -6.0 -2.5 2.0 72
4000 -12 -12.0 -6.0 -2.0 2.0 6.0 86
6000 -17 -17.0 -9.5 -3.0 2.0 8.0 78

LE'T-8I ;HT 1)1FERENCFS
500 -40 -R,0 -4.0 -2.0 2.0 6.0 26
1000 -30 -8.0 -4.0 -2.0 0.0 4.0 60
2000 -10 -10.0 -6.0 -2.0 2.0 6.0 56
4000 -26 -10.0 -4.0 0.0 4.0 10.0 46
6000 -24 -12.0 -6.0 0.0 6.0 10.0 22
* 01 < p S .05
** p S.01
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FIGURE 2 - PROPORTION OF CHILDREN IN 6-11 YEAR OLD AND

12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY

THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI - 1969)

MEASURED AT 500 HERTZ IN THE RIGHT EAR
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FIGURE 3 - PROPORTION OF CHILDREN IN 6-11 YEAR OLD AND

12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY

THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI- 1969)

MEASURED AT 1000 HERTZ IN THE RIGHT EAR
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FIGURE 4 - PROPORTION OF CHILDREN IN 6-11 YEAR OLD AND
12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI - 1969)
MEASURED AT 2000 HERTZ IN THE RIGHT EAR
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FIGURE 5 - PROPORTION OF CHILDREN IN 6-11 YEAR OLD AND
12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI - 1969)
MEASURED AT 4000 HERTZ IN THE RIGHT EAR
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FIGURE 6 - PR)PORTION OF CHILDREN IN 6-11 YEAR OLD AND
12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI - 1969)
MEASURED AT 6000 HERTZ IN THE RIGHT EAR

hear better. When the correlations within each sex are
examined, it becomes clear that the girls are primarily
responsible for the significant correlations in the overall
sample, especially at the lower frequencies where the
correlations range from -.4 to -.5. In the boys, the
correlations are much lower (-.1 to -.2) and are only just
significant in two cases; however, they are negative at each
frequency.

One explanation for the relative lack of younger
children hearing at attenuation levels of -10 and -12
decibels and the significant negative correlations with age
is that younger children may not concentrate sufficiently to
reach their "true" thresholds. This explanation would
account for the slightly higher means of the younger children
and the significant correlations. If the difference between
the age groups is real, and not due to sampling error, nor
lack of concentration in younger children, an alternative
explanation is that hearing may improve slightly with age as
a result of some developmental change.
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TABLE 17 SPEARMAN RANK CORRELATION COEFFICIENTS (r)

BETWEEN AGE AND AUDITORY THRESHOLD IN BETTER EAR OF

BOYS AND GIRLS

Boys and girls Boys Girls

Frequency n Correlation n Correlation n Correlation

(Hertz) Coefficient Coefficient Coefficient

500 203 -. 384** 98 -.242 105 -.499**

1000 203 -. 285** 98 -.088 105 -.472**

2000 205 -. 312** 98 -.205* 107 -. 399**

4000 204 -.190* 98 -.153 106 -.216*

6000 204 -.144* 98 -.152 106 -.123

* .01 p .05

** p .01

The greater non-normality of the threshold
distributions of the older group, as well as the greater
variance, are also evident in Figures 2 through 6. Some of
those individuals in the older group with thresholds greater
than 20 decibels have thresholds much greater than 20
decibels (i.e., in the 40 to 80 ra-nge). No one in the
younger group has a threshold greater than 24 decibels.

Fels Auditory Thresholds Compared with National Data-
Comparisons of the threshold distributions of the Fels and
National Center for Health Statistics (NCHS) samples are
presented in Figures 7 through 11. These figures show the
proportion of the 12 to 17 year olds in each sample that fall
into the five auditory threshold ranges. While these figures
deal only with findings for the right ear, the results for
the left ear are similar. The skewness and leptokurtosis of
the distributions are evident. At each frequency, the Fels
distribution is shifted toward lower thresholds (i.e., better
hearing) compared to the NCHS distributions.
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FIGURE 9 - PERCENTAGE FREQUENCY DISTRIBUTION OF AUDITORY
THRESHOLDS (DECIBELS) at 12-17 YEARS FROM FELS AND NCHS
SAMPLES (ROBERTS AND AHUJA, 1975) RE AUDIOMETRIC ZERO
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FIGURE 10 - PERCENTAGE FREQUENCY DISTRIBUTION OF AUDITORY
THRESHOLDS (DECIBELS) AT 12-17 YEARS FROM FELS AND NCHS
SAMPLES (ROBERTS AND AHUJA, 1975) RE AUDIOMETRIC ZERO
(ANSI-1969): 4000 HERTZ, RIGHT EAR
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FIGURE 11 - PERCENTAGE FREQUENCY DISTRIBUTION OF AUDITORY

THRESHOLDS (DECIBELS) AT 12-17 YEARS FROM FELS AND NCHS

SAMPLES (ROBERTS AND AHUJA, 1975) RE AUDIOMETRIC ZERO

(ANSI-1969): 6000 HERTZ, RIGHT EAR

In Figures 12 through 21, the median threshold levels
for the right ear of Fels boys and Fels girls are presented
with the corresponding NCHS medians at each age. Tables 18

through 21 present the median thresholds for right, left, and
better ear for the NCHS and Fels samples. The irregularity
of the Fels curve is probably due to relatively small sample
sizes at each age (see Figure 1). For each sex, at almost
every frequency, the Fels medians generally indicate lower
thresholds compared to the National sample. In general, the
Fels and NCHS medians follow parallel courses across age. An
exception to this is seen at 4000 Hertz (Figures 18-19) where
the NCHS data show a precipitous drop (6 decibels) in hearing
ability between 11 and 12 years of age. It should be noted
that the reference data for 6 to 11 year olds, and those for
12 to 17 year olds, are from different NCHS cross-sectional
surveys. Consequently, the marked change in median
thresholds from 11 to 12 years of age at 4000 Hertz probably
represents sampling error or instrument variation rather than
biological development. That this occurs in cross-sectional
surveys, even those unusually well planned and based on large
representative samples, such as NCHS, emphasizes the need for
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FIGURE 13-FELS AND NCHS SAMPLES (ROBERTS AND HUBER, 1970;
ROBERTS AND AHUJA, 1975) COMPARED FOR MEDIAN AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI-1959)
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FIGURE 19 - FELS AND NCHS SAMPLES (ROBERTS AND HUBER, 1970;
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FIGURE 20 - FELS AND NCHS SAMPLES (ROBERTS AND HUBER, 1970;
ROBERTS AND AHUJA, 1975) COMPARED FOR MEDIAN AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI-1969)
MEASURED AT 6000 HERTZ IN THE RIGHT EAR OF BOYS
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FIGURE 21 - FELS AND NCHS SAMPLES (ROBERTS AND HUBER, 1970;
ROBERTS AND AHUJA, 1975) COMPARED FOR MEDIAN AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI-1969)
MEASURED AT 6000 HERTZ IN THE RIGHT EAR OF GIRLS

69



TABLE 18. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
(ANSI-1969) IN BOYS BY AGE: 6-11 YEARS, UNITED STATES, 1963-65
(FROM ROBERTS AND HUBER, 1970).

Ear and tonal Total 6 7 8 9 10 11
frequency 6-11 yrs. yrs. yrs. yrs. yrs. yrs.

yrs.

Right ear

500 Hertz 6.2 8.4 7.6 6.3 5.5 4.9 4.2

1000 Hertz 3.2 4.5 4.0 3.7 2.7 2.3 1.8

2000 Hertz 0.9 2.6 1.1 0.6 0.3 0.6 0.1

4000 Hertz 2.7 3.6 3.3 2.6 1.9 2.2 1.8

6000 Hertz 11.0 11.6 11.9 10.9 9.8 11.1 10.7

Left ear

500 Hertz 6.5 8.4 7.7 6.4 6.0 5.5 4.9

1000 Hertz 3.5 4.8 4.5 3.7 2.8 2.7 2.3

2000 Hertz 1.4 2.3 2.1 1.3 0.8 0.9 0.7

4000 Hertz 3.1 4.0 3.7 3.2 2.7 2.6 2.7

6000 Hertz 12.1 11.7 12.0 11.6 12.0 12.0 12.9

Better ear

500 Hertz 4.8 6.7 6.4 4.7 4.0 3.5 2.8

1000 Hertz 1.8 3.0 2.8 2.2 1.1 0.8 0.0

2000 Hertz -0.8 0.4 -0.3 -0.9 -1.6 -1.1 -1.4

4000 Hertz 0.7 1.9 1.3 0.5 0.1 0.4 0.0

6000 Hertz 8.4 8.9 8.7 8.0 7.7 8.5 8.4
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TABLE 18A. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
(ANSI-1969) IN BOYS BY ACE: 12-17 YEARS, UNITED STATES, 1966-70
(FROM ROBERTS AND AHUJA, 1975).

Total
Ear and tonal 12-17 12 13 14 15 16 17

frequency yrs. yrs. yrs. yrs. yrs. yrs. yrs.

Right ear

500 Hertz 7.6 8.0 7.7 7,9 7.6 7.6 6.3

1000 Hertz 2.2 2.6 2.3 2.5 2.1 1.9 1.9

2000 Hertz 2.2 2.3 1.9 2.1 2.5 1.7 2.5

4000 Hertz 9.9 9.6 10.2 9.6 9.8 10.0 1-0.4

6000 Hertz 13.6 11.9 13.0 13.4 14.0 15.5 14.8

Left ear

500 Hertz 8.1 8.3 8.6 8.3 8.2 7.8 7.4

1000 Hertz 2.9 3.2 3.2 2.8 2.9 2.4 3.0

2000 Hertz 3.1 3.1 3.1 3.1 3.6 2.7 2.8

4000 Hertz 11.6 11.3 11.4 11.3 11.5 11.9 12.2

6000 Hertz 15.0 13.7 14.9 13.9 15.6 15.7 17.2

Better ear

500 Hertz 5.9 6.4 6.2 6.2 5.9 6.0 4.7

1000 Hertz 1.1 1.3 1.4 1.3 1.0 0.9 0.9

2000 Hertz 0.9 1.1 0.7 0.9 1.1 0.6 1.0

4000 flertz 8.5 8.3 8.6 8.3 8.1 8.7 9.1

6000 Hertz 11.1 9.8 10.6 10.8 11.2 12.0 12.4
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TABLE 19. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIDMETRIC ZERO
(ANSI-1969) IN GIRLS BY AGE: 6-11 YEARS, UNITED STATES, 1963-65
(FROM ROBERTS AND HUBER, 1970).

Total
Ear and tonal 6-11 6 7 8 9 10 11

frequency years yrs. yrs. yrs. yrs. yrs. yrs.

Right ear

500 Hertz 6.3 8.5 7.4 5.9 6.4 4.8 4.7

1000 Hertz 3.2 4.6 3.8 3.2 3.8 1.9 1.7

2000 Hertz 0.8 1.5 1.5 0.6 0.6 0.1 0.2

4000 Hertz 2.5 3.3 2.6 2.4 2.7 2.0 2.2

6000 Hertz 10.9 11.6 11.7 10.3 11.2 9.8 10.6

Left ear

500 Hertz 6.4 7.8 7.5 6.0 6.4 4.8 5.1

1000 Hertz 3.0 4.4 4.0 2.8 3.3 1.8 1.7

2000 Hertz 0.8 1.8 1.6 0.5 0.6 0.2 -0.3

4000 Hertz 3.0 3.3 3.6 3.0 3.3 1.9 3.1

6000 Hertz 11.4 11.2 12.4 10.3 11.7 11.7 11.7

Better ear

500 Hertz 4.7 6.4 6.0 4.1 4.6 2.9 3.2

1000 Hertz 1.5 2.8 2.2 1.4 1.7 0.2 -0.3

2000 Hertz -1.2 -0.2 -0.3 -1.3 -1.6 -1.9 -2.0

4000 Hertz 0.5 1.2 1.1 0.3 0.8 -0.4 0.1

6000 Hertz 8.1 8.5 8.8 7.5 8.0 7.5 8.1
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TABLE 19A. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
(ANSI-1969) IN GIRLS BY AGE: 12-17 YEARS, UNITED STATES, 1966-70
(FROM ROBERTS AND AHUJA, 1975).

Total

Ear and tonal 12-17 12 13 14 15 16 17
frequency years yrs. yrs. yrs. yrs. yrs. yrs.

Right ear

500 Hertz 7.0 7.4 7.3 6.8 7.3 6.7 6.6

1000 Hertz 2.0 2.5 2.1 2.1 2.0 1.7 1.8

2000 Hertz 1.8 1.5 1.7 1.8 2.1 1.9 1.7

4000 Hertz 8.7 9.0 8.8 8.6 8.7 8.5 8.2

6000 Hertz 11.2 11.1 11.1 11.3 11.5 11.7 10.7

Left ear

500 Hertz 7.4 7.6 7.7 7.4 7.3 6.7 7.4

1000 Hertz 2.3 2.4 2.4 2.3 2.1 2.4 2.1

2000 Hertz 2.0 2.0 2.1 1.9 2.5 2.0 1.8

4000 Hertz 9.7 9.7 10.1 9.7 9.8 9.5 9.4

6000 Hertz 12.4 11.3 12.8 12.3 12.9 13.3 12.2

Better ear

500 Hertz 4.9 5.5 5.3 4.8 4.8 4.2 5.0

1000 Hertz 0.8 1.0 0.8 0.9 0.8 0.8 0.7

2000 Hertz 0.3 0.1 0.2 0.4 0.7 0.4 0.1

4000 Hertz 6.8 7.2 7.1 6.8 6.8 6.4 6.5

6000 Hertz 9.2 8.7 9.0 9.3 9.6 9.6 9.1
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TABLE 20. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO

(ANSI-1969) IN FELS BOYS 6-11 YEARS OF AGE.

Total
Ear and tonal 6-11 6 7 8 9 10 11

frequency years yrs. yrs. yrs. yrs. yrs. yrs.
(Sample Size) (52) (9) (9) (8) (9) (7) (10)

Right ear

500 Hertz 0.0 2.0 0.0 1.0 0.0 0.0 0.0

1000 Hertz 0.0 0.0 0.0 -2.0 0.0 0.0 0.0

2000 Hertz 0.0 -4.0 0.0 5.0 2.0 2.0 -3.0

4000 Hertz 2.0 2.0 6.0 1.0 4.0 6.0 -2.0

6000 Hertz 4.0 0.0 2.0 6.0 4.0 2.0 -2.0

Left ear

* 500 Hertz 0.0 2.0 0.0 -1.0 1.0 0.0 -1.0

1000 Hertz -2.0 0.0 4.0 1.0 -4.0 0.0 03.0

2000 Hertz -2.0 -4.0 -2.0 4.0 -1.0 -2.0 -8.0

4000 Hertz 2.0 0.0 2.0 4.0 2.0 4.0 -2.0

6000 Hertz 4.0 4.0 4.0 6.0 5.0 4.0 1.0

Better ear

500 Hertz -2.0 0.0 -2.0 -2.0 -2.0 0.0 -3.0

1000 Hertz -2.0 -4.0 0.0 -2.0 -4.0 -2.0 -3.0

2000 Hertz -2.0 -6.0 -4.0 4.0 -2.0 -2.0 -8.0

4000 Hertz 0.0 0.0 0.0 0.0 0.0 2.0 -3.0

6000 Hertz 0.0 0.0 2.0 5.0 2.0 0.0 -3.0
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TABLE 20A. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
(ANSI-1969) IN FELS BOYS 12-17 YEARS OF AGE.

Total
Ear and tonal 12-17 12 13 14 15 16 17

frequency years yrs. yrs. yrs. yrs. yrs. yrs.
(Sample Size) (80) (7) (13) (24) (12) (15) (9)

Right ear

500 Hertz 0.0 2.0 0.0 -1.0 -2.0 0.0 0.0

1000 Hertz -2.0 0.0 -4.0 -2.0 -2.0 0.0 0.0

2000 Hertz -2.0 -2.0 -6.0 0.0 -4.0 2.0 -4.0

4000 Hertz 2.0 -2.0 -4.0 4.0 1.0 4.0 -2.0

6000 Hertz 0.0 6.0 -6.0 0.0 0.0 6.0 4.0

Left ear

500 Hertz -2.0 0.0 -2.0 -2.0 0.0 -2.0 -2.0

1000 Hertz -4.0 -4.0 -4.0 -4.0 0.0 -2.0 -2.0

2000 Hertz -4.0 -6.0 -6.0 -2.0 -4.0 -4.0 -6.0

4000 Hertz 0.0 -2.0 -2.0 1.0 0.0 2.0 0.0

6000 Hertz 2.0 4.0 -4.0 0.0 2.0 4.0 -4.0

Better ear

500 Hertz -2.0 0.0 -4.0 -4.0 -3.0 -2.0 -6.0

1000 Hertz -4.0 -4.0 -6.0 -4.0 -4.0 -4.0 -2.0

2000 Hertz -6.0 -6.0 -6.0 -4.0 -6.0 -4.0 -6.0

4000 Hertz -2.0 -2.0 -6.0 -2.0 -1.0 2.0 -4.0

6000 Hertz -2.0 4.0 -8.0 -4.0 0.0 0.0 -4.0
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TABLE 21. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
(ANSI-1969) IN FELS GIRLS 6-11 YEARS OF AGE.

Total
Ear and tonal 6-11 6 7 8 9 10 11

frequency years yrs. yrs. yrs. yrs. yrs. yrs.
(Sample Size) (44) (8) (8) (7) (7) (8) (6)

Right ear

500 Hertz 0.0 2.0 4.0 4.0 0.0 -3.0 -3.0

1000 Hertz 0.0 5.0 0.0 2.0 -4.0 0.0 -3.0

2000 Hertz -1.0 -2.0 0.0 0.0 4.0 1.0 -5.0

4000 Hertz 2.0 0.0 3.0 8.0 4.0 -1.0 -3.0

6000 Hertz 2.0 2.0 1.0 6.0 4.0 0.0 2.0

Left ear

500 Hertz 0.0 1.0 4.0 6.0 1.0 -2.0 0.0

1000 Hertz -2.0 -5.0 0.0 0.0 -2.0 -4.0 -2.0

2000 Hertz -2.0 2.0 2.0 -2.0 -5.0 -7.0 -8.0

4000 Hertz 2.0 7.0 4.0 2.0 2.0 -1.0 -5.0

6000 Hertz 2.0 4.0 0.0 4.0 4.0 3.0 0.0

Better ear

500 Hertz 0.0 0.0 0.0 4.0 0.0 -5.0 -3.0

1000 Hertz -2.0 1.0 0.0 0.0 -4.0 -6.0 -3.0

2000 Hertz -4.0 -2.0 0.0 -2.0 -6.0 -7.0 -9.0

4000 Hertz 0.0 0.0 0.0 2.0 2.0 -3.0 -6.0

6000 Hertz 0.0 2.0 -1.0 2.0 4.0 -2.0 0.0
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TABLE 21A. MEDIAN HEARING IN DECIBELS RE AUDIOMETRIC ZERO
(ANSI-1969) IN FELS GIRLS 12-17 YEARS OF AGE

Total
Ear and tonal 12-17 12 13 14 15 16 17

frequency yrs. yrs. yrs. yrs. yrs. yrs. yrs.
(sample size) (95) (13) (27) (31) (7) (11) (7)

Right ear

500 Hertz -2.0 -1.0 0.0 -2.0 -4.0 -4.0 -2.0

1000 Hertz -4.0 0.0 -2.0 -4.0 -4.0 -6.0 -4.0

2000 Hertz -2.0 0.0 -2.0 -4.0 -2.0 0.0 -4.0

4000 Hertz 0.0 0.0 0.0 0.0 4.0 0.0 -4.0

6000 Hertz 0.0 -4.0 0.0 2.0 2.0 2.0 4.0

Left ear

500 Hertz -4.0 -3.0 -4.0 -2.0 -6.0 -4.0 -8.0

1000 Hertz -4.0 -4.0 -4.0 -6.0 -6.0 -6.0 -6.0

2000 Hertz -6.0 -4.0 -4.0 -6.0 -4.0 -6.0 -10.0

4000 Hertz 0.0 0.0 0.0 0.0 0.0 2.0 -2.0

6000 Hertz 0.0 3.0 0.0 -2.0 0.0 2.0 0.0

Better ear

500 Hertz -4.0 -3.0 -4.0 -2.0 -6.0 -4.0 -8.0

1000 Hertz -6.0 -4.0 -6.0 -6.0 -6.0 -8.0 -6.0

2000 Hertz -6.0 -6.0 -4.0 -6.0 -4.0 -6.0 -10.0

4000 Hertz -2.0 -6.0 0.0 -2.0 0.0 -4.0 -4.0

6000 Hertz -4.0 -6.0 -4.0 -4.0 0.0 0.0 0.0
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serial studies to establish the true changes that are
occurring. Although the best reference data available are
probably those from NCHS there are differences between the
NCHS and Fels samples, e.g., sample sizes, age range, racial
distribution, geographical distribution, screening and
testing procedures.

Increments - The increments are the changes in
threshold leveTs from one visit to the next. They are
calculated so that a positive value indicates a rise in
threshold and, therefore, a change in the direction of a
hearing loss. The calculations are made from pairs of
examinations since 26 January 1976 and represent a time
interval of 5 to 7 months. The total number of increments
is 78. The age distribution of the children at the most
recent examinations is given in Table 22.

The increments for the entire sample, with ages and
sexes combined, are presented in Figures 22 through 31.
Table 23 gives the summary statistics for these
distributions. None of the distributions have significant
skewness but there is significant kurtosis, at 1000 Hertz in
the right ear (Figure 24).

Only the mean increments for the higher frequencies
(6000 Hertz, right ear; 4000 Hertz, left ear) are
significantly different from zero as determined by t-test
(Table 23). Positive mean increments that are significantly
different from zero for the higher frequencies imply a shift
in the direction of hearing loss is occurring at these
frequencies.

To determine which subgroup of the sample, if any, is
contributing most to this effect, Tables 24 through 31 are
presented. Because there are so few increments for each age
interval, the age differences that will be examined are those
between two age groups: 6 to 11 years old and 12 to 17
years old, using the age at most recent ..xamination. In some
categories, the sample sizes are quite small.

Tables 24 and 25 give the distribution statistics for
threshold increments for children 6 to 11 years old and 12 to
17 years old, respectively. The increments are greater at
4000 and 6000 Hertz than at the lower frequencies; this is
true in both age groups. However, the only mean increment to
be statistically different from zero (p < 0.05) is that at
4000 Hertz (left ear) in the older children.

Tables 26 and 27 present the summary statistics of
increments for boys and girls, respectively. The trend
toward larger mean increments at the higher frequ,-;ncies is
present in both sexes, but is more prnnounc(,d in boys. In
boys, the mean increments are s4qnifirantly differ'ent from
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TABLE 22. AGE DISTRIBUTION

OF CHILDREN WITH AUDITORY
THRESHOLD LEVEL 6-MONTHLY

INCREMENTS

Age i Boys Girls
years

5.75- 6.74 0 1

6.75- 7.74 2 3

7.75- 8.74 2 4

8.75- 9.74 3 1

9,75-10.74 2 3

10.75-11.74 3 1

11.75-12.74 3 3

12.75-13.74 2 9

13.75-14.74 10 10

14.75-15.74 1 1

15.75-16.74 4 4

16.75-17.74 4 2
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TABLE 23 - DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS
IN AUDITORIY THRESHOLD LEVELS Il T:!E STUDY SAMPLE (BOYS -'

AND GIRLS COMBINED)

FRF01FNCY
(HERTZ) N MFAN SD SKEW PSNEW KURT PKURT

RIGHT FAR
500 76 -1.24 7.10 -0.10 O.q94R 0.12 1.000n

1000 78 -0.46 7.19 -0.01 1.0000 1.95 0.0006

2000 78 -0.28 5.17 -0.15 0.9379 0.21 0.QP78
4000 77 1.48 6.70 -0.02 1.0on -0.24 0.47R
6000 77 2.0* 7.H7 0.01 1.0000 0.08 1.0000

LKFT FAR
500 72 -0.11 8.16 -0.07 0.99q6 0.0p 1.0000
1000 75 0.03 6.61 -0.08 0.9q92 0.58 0.2935
2000 74 O.Q7 5.82 0.43 0.1228 0.51 0.7172
4000 73 3.71(* 7.07 n.18 0.8790 -0. 5 0.R022
6000 73 0.79 10.47 -0.08 O.qqqo -0.82 0.1368
8FTTF: FAR
500 76 -0.47 6.70 0.09 0.9965 0.0Q 1.0000

1000 78 0.05 6.17 0.69 0.0119 1.39 0.n102

2000 78 0.21 5.01 -0.02 1.0000 0.06 !.00oo
4000 77 2.52 6.33 -0.10 0.9q43 -0.49 n.7346
6000 77 1.11 7.94 0.18 0.8844 -0.06 1.n000

UEFT-RIGHT DIFFERENCES
500 72 1.06 7.28 -0.04 1.00n 0.10 1.0000
1000 75 0.51 6.30 0.77 0.686(1 1.38 0.0119

2000 74 1.43 6.01 0.52 0.0614 1.89 0.0011
4000 73 2.14* 8.33 0.06 0.99qO 0.10 |.noo
6000 73 -1.15 10.51 -0.63 0.0243 0.08 1.nO0

PERCENTILKS

FR FOIENCY
(HERTZ) MTN 10 25 MEDIAN 75 90 MAX
RIGHT EAR
500 -20 -10.0 -6.0 -2.0 4.0 8.0 16
1000 -24 -8.7 -4.0 0.0 2.5 6.2 22
2000 -14 -6.2 -2.5 0.0 4.0 6.0 14
4000 -14 -8.0 -3.0 2.0 6.0 10.0 1A
6000 -18 -6.4 -4.0 2.0 6.0 12.0 20
I.'F'T EAR
500 -24 -11.4 -4.0 0.0 6.0 10.0 18
1000 -JR -8.8 -2.0 0.0 2.0 8.0 16
200n -12 -6.0 -2.0 0.0 4.0 9.0 2n
4000 -12 -6.0 0.0 4.0 8.0 12.0 20
6000 -20 -13.2 -8.0 0.0 9.0 14.0 24
BETTER EAR

500 -16 -10.0 -4.0 0.0 4.0 6.0 16
1000 -14 -8.0 -4.0 0.0 2.0 R.0 20
2000 -12 -6.0 -4.0 0.0 4.0 6.0 14
40o0 -12 -6.0 -2.0 2.0 7.0 10.0 18
6000 -16 -10.0 -4.0 0.0 8.0 10.0 24
IFFT-RIGHT DiFFE:NEPCES
500 -16 -8.0 -4.0 1.0 5.5 10.0 18

lon -18 -b.0 -4.0 0.0 4.0 8.0 20
?0n0 -16 -4.0 -2.0 0.0 6.0 9.0 24
4non -1R -7.7 -2.0 0.0 8.0 16.0 22
hfno -32 -14.0 -6.0 0.0 7.0 11.2 16

OL<p .05
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FIGURE 22 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 500 HERTZ
IN THE RIGHT EAR
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FIGURE 23 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 500 HERTZ
IN THE LEFT EAR
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FIGURE 24 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 1000
HERTZ IN THE RIGHT EAR
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FIGURE 25 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 1000
HERTZ IN THE LEFT EAR
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FIGURE 26 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 2000
HERTZ IN THE RIGHT EAR
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FIGURE 27 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 2000
HERTZ IN THE LEFT EAR
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FIGURE 28 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 4000
HERTZ IN THE RIGHT EAR
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FIGURE 29 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 4000
HERTZ IN THE LEFT EAR
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FIGURE 30 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS

(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 6000

HERTZ IN THE RIGHT EAR
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FIGURE 31 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS

(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 6000
HERTZ IN THE LEFT EAR
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TABLE 24 - DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS INl

AUDITORY THRESHOLD LEVELS IN 6-11 YEAR OLDS (BOYS AND GIRLS COMBINED)

FREOUFNCY
(0FRTZ) N MFAN Sn SKEW PSKEW KURT PKURT
RIGHT FAR
500 24 -0.50 6.76 -0.15 0.9q77 0.83 0.731Q
1000 25 0.00 9.26 -0.05 1.0000 0.86 0.703q
2000 25 0.48 4.81 0.5R 0.2126 0.55 O.Rgqq
4000 24 1.42 6.11 0.54 0.2562 0.23 o.qqq8

6000 24 2.08 7.70 0.2e 0.q343 -0.4R 0.477
LEFT FAR
500 20 0.90 9.48 -0.60 0.2413 0.34 0.9954
1000 23 -0.52 8.83 -0.28 0.9142 -0.68 0.R13
2000 23 0.7H 5.68 -0.36 0.8231 -0.82 0.7463
4000 21 1.81 6.72 0.17 0.9963 -0.49 0.454%
6000 21 -O.lq 10.93 -0°39 0.7992 -0.19 0.790A
BFTTER FAR
500 2"t 0.50 6.83 0.06 1.000o -0.22 O.99qg
1000 25 0.48 7.6q 0.51 0.2730 0.30 O.qqb
2000 25 0.88 5.07 0.45 0.6944 -0.06 1.0000
4000 24 1.50 6.78 0.24 0.948S -0.21 0.qqq
6000 24 -0.25 8.35 0.51 0.2802 -0.14 1.0000
IF"T-RTGHT DIFFERFNCES
500 20 1.00 7.91 0.01 1.00o -0.40 o.qR67
1000 23 -0.43 8.29 0.13 o.qq6 0.27 0.99yo
2000 23 0.43 5.53 -0.61 0.2022 1.5p 0.oRH1
4000 21 -0.10 9.26 0.06 1.0000 -0.57 ,.0140
6000 21 -2.57 10.22 -0.19 0.9922 -1.44 0.1360

PERCFEJTTrfES

FRFOIIFNCY
(IIERTZ) M4N t0 25 MEDIAN 75 90 MAX
RIGHT EAR
500 -18 -9.0 -4.0 0.0 4.0 7.0 16

1000 -21 -10.4 -6.0 0.0 4.0 13.6 22
2000 -8 -6.0 -2.0 0.0 4.0 6.0 14
4000 -R -7.0 -3.5 1.0 5.5 9.0 18I
6000 -14 -7.0 -3.5 1.0 7.5 14.0 1A
LFFT FAR
b5O -24 -11.6 -4.0 1.0 7.5 11.8 IR

1000 -18 -14.0 -4.0 0.0 4.0 11.2 16
2000 -10 -q.2 -2.0 2.0 4.0 8.0 10
4000 -12 -6.0 -3.0 2.0 6.0 11.6 16
6000 -20 -19.2 -7.0 0.0 7.0 11.6 20
METTER FAR
500 -14 -9.0 -4.0 1.0 5.5 9.0 16
1000 -14 -10.0 -4.0 0.0 4.0 11.2 20
2000 -8 -6.0 -3.0 0.0 4.0 8.0 14
4000 -12 -7.0 -4.0 2.0 S.5 10.0 18
6000 -14 -12.0 -7.0 -1.0 4.0 11.0 20
LEF'T-R [ HT D 7 F''F:PF.NCES
500 -14 -11.8 -4.0 2.0 4.0 11.R 18

1000 -18 -1J.2 -4.0 0.0 6.0 9.6 20
2000 -16 -4.0 -2.0 0.0 4.0 7.2 12
4000 -18 -q.b * -5.0 -2.0 7.0 11.6 1b
6000 -20 -17.2 -13.0 2.0 6.0 9.6 14
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TABLE 25 - DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS

IN AUDITORY THRESHOLD LEVELS IN 12-17 YEAR OLDS (BOYS AND
GI',LS COMB I,'ED)

FRoEUEi:NCY
(HERTZ) N MEAN SO SKEW PSKEW KIIRT PKIJHT
RI;lIT EAR
500 52 -1.5H 7.29 -0.05 1.0000 -0.23 0.9939

1000 53 -0.60 6.08 -0.07 0.0999 1.49 0.020R
2000 53 -0.64 5.27 -0.7 0.2615 -0.23 0.9936
4000 53 1.51 7.00 -0.19 0.9102 -0.4H 0.9246
6000 53 1.96 8.02 -0.09 0.9995 0.17 0.9995
LEFT FAR
Soo 52 -0.50 7.66 0.24 0.R311 -0.iI 0.9649

1000 52 0.27 5.45 0.54 0.1023 0.76 0.2437
2000 5t 1.06 5.94 0.72 0.0295 0.92 0.20Q?
4000 52 4.50 ** 7.12 0.16 0.965R -0.42 0.8945

6000 52 1.19 10.36 0.08 0.9999 -1.03 0.11OR
RFTTER EAR
500 52 -0.85 6.66 0.10 0.q93 0.13 1.0000

1000 53 -0.15 5.3R 0.72 0.0271 1.52 0.01 90
2000 53 -0.11 5.00 -0.25 0.8139 -0.19 o.qqq2
4000 53 2.9o ** 6.12 -0.26 0.7911 -).6, 0.2967
6000 53 1.R'- 7.74 0.02 1.0000 0.05 1.0000
1,EFT-Rlr.HT DYFFERFM'CFS

oo 52 1.00 7.11 -0.06 1.0000 n.90 0.gqR5
1000 52 0.92 5.23 0.s1 0.0143 0.83 0.1qo
2(00 51 1.pw 6.21 0.83 0.0134 1.46 0.0256
4000 52 3.04* 8.27 0.06 1.0000 0.26 O.q9h0
6000 52 -0.59 10.67 -0.80 0.0159 0.63 0.6966

PERCENT I LES

VRFQOLNC Y
(HERTZ) MIN 10 25 MEDIAN 75 90 MAX

RcGHr EAR
500 -20 -11.4 -6.0 -2.0 4.0 8.0 14

1oo -18 -9.2 -4.0 0.0 2.0 6.0 iR
2000 -14 -9.2 -4.0 0.0 4.0 6.0 10

4000 -14 -8.0 -3.0 2.0 6.0 10.0 16
6000 -18 -7.2 -4.0 2.0 6.0 12.0 20
IFFT EAR

500 -16 -11.4 -6.0 0.0 4.0 10.0 to

10o -10 -9.0 -2.0 0.0 2.0 7.4 16

2000 -12 -6.0 -2.0 0.0 4.0 10.0 20

4000 -10 -f.0 0.0 4.0 9.5 12.0 20

6000 -20 -12.0 -8.0 1.0 11.5 14.0 24

BETTER EAR
500 -16 -10.0 -5.5 0.0 4.0 5.4 14

10o0 -10 -8.0 -4.0 0.0 2.0 6.0 193
2000 -12 -7.2 -4.0 0.0 4.0 6.0 12

4000 -10 -6.0 0.0 4.0 A.0 11.2 14

6000 -16 -C.2 -3.0 2.0 A.0 1(.0 24
IEFT-R I GHT D 1 FIER FN rI':S

500 -16 -A.0 -3.5 0.0 6.0 10.0 1

1000 - -5.4 -2.0 o.0 4.0 9.0 IR
2000 -11 -5.6 -2.0 2.0 6.0 10.0 74

4000 -1 -5.4 -2.0 2.0 8.0 16.0 22
6000 -32 -14.0 -6.0 0.0 8.n 12.0 16
*•.01 pe.0'

p8 .CI
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TABLE 26 - DESCRIPTIVE STATISTICS OF SIX-MONT-MY

INCREMEI.TTS I" AUDITORY THRESHOLD LEVELS III BOYS

FREtI F NCY
(HERTZ) N MEAN so SKEW PSKEW K|IRT PKIIRT

RIGHT FAR
500 36 -1.06 7.46 -0.45 0.2527 0.15 1.0000

1000 36 -0.44 7.62 0.05 1.0000 3.00 0.0003

2000 36 1 0o 4.60 0.05 1.0000 1.21 0,1127

4000 36 2.44* 6.76 0.04 1.0000 0.07 1.0000

6000 36 1.94 6.80 0.21 0.9412 0.15 1.0000

LEFT FAR
500 36 -O.q4 8.22 -0.36 0.7211 0.17 0.9999

1000 36 -0.28 5.HO 0.13 0.9959 0.73 0.7059

2000 36 2.39* 5.61 0.84 0.0315 0.78 0.3111

4000 36 3.83** 6.80 0.01 1.0000 -0.32 O.9R25

6000 36 0.50 10.00 -0.27 0.0554 -1.03 0.1777

BETTER FAR
500 36 -0.06 6.67 -0.07 1.0000 -0.02 1.000o

1000 36 0.11 6.81 0.64 0.1017 1.47 0.055

2000 36 1.72 4.78 0.04 1.0000 -0.01 1.0000

4000 36 3.28** 6.38 ,0.18 0.9695 -0.16 1.0000

6000 36 0.72 7.25 0.03 1.0000 -0,77 0.680q

LEFT-RTCHT DTFFFRFNCFS
500 36 0.11 7.50 -0.04 1.000 -0.46 0.906q

1000 36 0.17 5.54 0.94 0.0163 2.68 0.0009

200) 36 1.39 6.03 1.58 0.0002 3.4H 0.on

4000 36 1.3q 9.12 -0.11 0.9w)5 -0.25 0,Q97h

6000 36 -1.44 10.31 -0.70 0.0717 -0.16 1.00o

PERCE NTIbsES

FREOIJHECY
(HERTZ) MTN 10 25 MF:DIAN 75 90 MAX
RIG11T FAR
500 -20 -10.6 -5.5 0,0 4.0 8.0 14

1000 -24 -8.6 -4.0 0.0 3.5 4.0 22

2000 -12 -400 -2.0 0.0 4.0 6.0 14

4000 -14 -6.6 -2.0 3.0 6.0 11.2 18

6000 -14 -6.6 -2.0 2.0 4.0 12.0 18

LFFT EAR
500 -24 -12.0 -5.5 0.0 5.5 10.0 16

1000 -14 -8.6 -3.5 0.0 2.0 6.6 16

7000 -6 -4.6 -2.0 2.0 6.0 1000 20

4000 -12 -6.0 0,0 4.0 9.5 12.0 20

6000 -20 -14.6 -R.O 2.0 R.0 14.0 18

BETTER EAR
500 -14 -10.0 -2.0 0.0 4.0 7.9 14

1000 -14 -10.0 -2.0 0.0 2.0 6.6 20
200 -10 -4.0 -2.0 2.0 6.0 R.0 14

4000 -12 -6.0 -1.5 4.0 7.5 10.6 i

6000 -14 -8.6 -4.0 0.0 6.0 q.2 16

LF'T-RIG11T DFFEPPFCFS
500 -16 -10.6 -4.n 0.0 5.5 10.0 16

100 -12 -6.0 -4.0 0.0 4.0 6.0 20
2000 -8 -4.0 -2.0 0.0 1.5 Q.2 24

4000 -18 -10.4 -2.0 0.0 8.0 16.0 20
6000 -30 -15.2 -7.5 1.0 6.0 10.0 14

• .01<p.4.J !

S* p .3 1
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TABLE 27 - DESCRIPTIVE STATISTICS OF SIX-V.ONT:MY

*• INCREMENTS IN AUDITORY THRESHOLD LEVELS IN GIRLS

FREOUFNCY
(HERTZ) N MEAN SD SKEW PSKKW KIIRT PKIIRT

RIGHT EAR
500 40 -1.40 6.84 0.30 0.7809 -0.08 1.0000

1000 42 -0.48 6,.qo -0.09 0.999H 0.22 0.9984

2000 42 -1.38 5.35 -0.12 0.9979 -0.53 0.R292

4000 41 0.63 6.61 -0.10 0.9995 -0.75 0.2992
6000 41 2.05 8.79 -0.08 1.0000 -0.27 0.9926

LEFT EAR
500 36 0.72 8.13 0.23 0.9120 -0.43 0.9285

1000 39 0.31 7.35 -0.21 0.9214 0.20 0.q9q4

2000 38 -0.37 5.77 0.16 0.9837 -0.32 O.qR0

4000 37 3.67** 7.41 0.31 0.7926 -0.50 0.8712

6000 37 1.0H 11.04 0.05 1.0000 -0.84 0.2663

BETTER EAH
500 40 -0.75 6.79 0.23 0.8977 0.09 1.o00

1000 42 0.00 5.64 0.70 0.0532 0.49 0.R628

2000 42 -1.10 4.88 -0.04 1.0000 -0.04 1.0000

4000 41 1.85 6.28 -0.03 1.0000 -o.R7 n.2293

6000 41 1.61 8.57 0.20 0,9321 0.01 1.0000

LEFT-RIGHT DIFFERENCES
500 36 2.00 7.04 0.01 1.0000 0.5s 0.8167

1000 39 0.82 6.98 -0.10 0.9997 0.58 0.7974

2000 3R 1.47 6.07 -0.48 0.2061 0.27 0.99R7

4000 37 2.86 7.54 0.48 0.2104 -0.02 1.o0

6000 37 -0.8f 10.84 -0.56 0.1497 0.11 1.0000

PERCENTILES

FR*EOIJENCY
(HERTZ) MIN 10 25 MEDIAN 75 90 MAX

* RIG11T EAR
500 -16 -10.0 -6.0 -2.0 2.0 8.0 16
1000 -18 -9.4 -4.0 0.0 2.5 8.0 16

2000 -14 -9.4 -6.0 -2.0 4.0 5.4 to
4000 -14 -8.0 -4.0 0.0 6.0 9.6 14
6000 -18 -7.6 -4.0 2.0 8.0 15.2 20
LEFT EAR
500 -16 -10.6 -4.0 0.0 6.0 12.6 18
1000 -18 -10.0 -2.0 0.0 4.0 12.0 16

2000 -12 -R.2 -4.0 0.0 2.5 8.2 12
4000 -10 -6.0 -1.0 2.0 8.0 12.8 20
6000 -20 -12.4 -7.0 0.0 11.0 14.8 24

BETTER EAR
500 -16 -9.8 -6.0 0.0 4.0 6.0 16
1000 -10 -7.4 -4.0 0.0 2.0 8.0 16
2000 -12 -8.0 -4.0 0.0 2.0 4.0 12

4000 -10 -6.0 -3.0 2.0 7.0 10.0 14
6000 -16 -11.6 -4.0 0.0 8.0 10.0 24
LFFT-RIGHT 1)IF EPRFNCES
500 -16 -6.6 -2.0 2.0 5,5 12.0 1o
1000 -IA -6.0 -4.0 0.0 4.0 12.0 18
2000 -16 -6.2 -2.0 1.0 6.0 10.0 12
4000 -12 -6.0 -3.0 2.0 0.0 16.0 22
6000 -32 -14.9 -6.0 -2.0 8.O 14.0 16

• .01 4p e.03
• * p .C8
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zero (p < 0.05) at 4000 Hertz for the right and left ears and
at 2000 Hertz in the left ear. In the girls, however, only
at 4000 Hertz in the left ear is the mean increment
statistically significantly different from zero (p < 0.05).

When comparisons are made by age groups, as expected,
positive mean increments at higher frequencies tend to be
more evident in the older age group. Tables 28 and 29
present these data for males, and Tables 30 and 31 present
the data for females. The Spearman rank correlations between
age and 6-month auditory threshold increments were computed
for right, left, and better ear (Table 32). For sexes
combined there are no signficiant correlations; however, when
sexes are analyzed separately, a striking trend becomes
apparent. In boys the correlation coefficients, while
generally small, are all positive. A few are significant at
the .05 level of significance. In girls, while none of the
correlations are significant, all are negative. In both
cases the sample size is small and may account for either the
lack of significance or a spurious trend. If this trend is
real, it implies that in boys increments tend to increase as
the boys get older, indicating hearing loss, while the
opposite is true in girls. This trend is consistent with the
significant positive correlations between age and the
threshold levels in girls.

Lateral Differences - The mean thresholds for the left
ear are consistently lower than right ear means at
corresponding frequencies. This may be an artifact of our
testing procedure. As the right ear is always tested first,
better performance due to practice and familiarity with the
tone might be expected for the left ear. The mean of the
lateral individual differences is often in the range of -1 to
-2 decibels, indicating consistently higher thresholds in the
right ear.

Table 8 gives the descriptive statistics for left less
right auditory thresholds at each frequency. Differences
that are significantly different from zero, as determined by
a t-test, occur at the lower frequencies (500, 1000, and 2000
Hertz). All mean differences are negative indicating lower
thresholds (i.e., better hearing) in the left ear. The
levels of significance may be altered by the significant
deviations from normality of the distribution of the
differences at some frequencies. However, significant
differences are consistent with the trend found in the right
and left ear threshold means. The effect seems to be present
in both boys and girls, (Tables 9 and 10) and more pronounced
in the older children (Tables 15 and 16).

There are no significant lateral differences at any
frequencies between boys and girls in either age group (6 to
ll-year-olds; 12 to 17-year-olds) with a single exception at
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TABLE 28 - DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS IN

AUDITORY THRESHOLD LEVELS IN BOYS 6-11 YEARS OLD

FREOUENCY
(HERTZ) N MEAN SD SKEW PSKEW KUHT PKIIRT

RIGHT FAR
500 12 -1.0o 7.11 -1.00 0.1133 0.27 O.q9QQ

1000 12 -2.00 11.22 0.11 1.00o0 0.12 1.0000

2000 12 1.R3 5.22 0.76 0.2334 0.03 1.0000

4000 12 2.17 6.46 0.75 0.2413 0.74 o.qo02

6000 12 2.00 8.27 0.02 1.0000 -0.74 0.9074

LEFT EAR
500 12 -3.33 8.71 -O.R5 O.IR12 0.13 1.00ON

1000 12 -1.17 6.29 -0.40 0.8904 -0.35 0.Q91

2000 12 2.67 4.77 -0.10 1.0000 -1.19 0.6978

4000 12 0.33 5.84 -0.43 0.862? -0.47 0.9q12

6000 12 -2.83 10.14 -0.45 0.8444 -1.46 0.2357

BETTER EAR
500 12 -0.83 5.81 -0).0 0.2074 -0.24 1.00

1000 1? -0.8. 8.72 0.69 0.2A14 0.37 0.9(44

2000 12 3.17 5.29 0.31 09636 -0.56 0.9740

4000 12 1.83 7.51 0.43 0.9456 -0.06 I.noon

6000 12 -1.33 8.24 0.39 0.9007 -0.65 0.9454

LEFT-RTGHT DIFFFRENCES
500 12 -2.33 7.02 -0.14 O.g999 -1.06 0.7532

1000 12 0.R3 8.07 0.76 0.2337 0.30 0.?99R

2000 12 0.83 3.86 0.36 0.q257 -1.21 0.6874

4000 12 -1.83 R.07 -0.03 1.0000 .0.47 0.)911

6000 12 -4.81 11.36 0.17 0.9995 -1.60 0.1916

PERCENT I IS

(HERTZ) MIN 10 25 MEITAN 75 90 MAX

RIGHT FAR

500 -18 -15.6 -2.0 0.0 4.0 7.4 8

1000 -24 -21.0 -7.5 -2.0 4.0 16.6 22

2000 -6 -4.8 -2.0 1.0 5.5 11.6 14

4000 -8 -7.4 0.0 2.0 4.0 14.4 IS

6000 -14 -11.0 -3.5 1.0 10.0 14.8 16

LEFT EAR
500 -24 -20.4 -7.0 -4.0 3.5 7.4 8

1000 -14 -12.8 -3.5 -1.0 2.0 R.2 10

2000 -6 -4.8 -1.5 2.0 7.5 9.4 10

4000 -12 -10.2 v3.5 1.0 4.0 8.8 10

6000 -20 -18.8 -14.5 0.0 6.0 8.8 10

BETTER FAR
500 -14 -12.2 -3.5 0.0 3.5 6.0 6
1000 -14 -12.8 -8.0 -1.0 3.5 15.2 20

2000 -6 -4.R 0.0 2.0 7.5 12.2 14

4000 -12 -4.6 -1.5 2.0 4.0 15.6 18

6000 -14 -12.8 -8.0 -1.0 4.0 13.0 16

LEFT-RIGHT nDI FFEPENCES
500 -14 -1.3.4 -8.5 -2.0 2.0 8.2 10

1000 -12 -10.2 -4.0 0.0 6.0 15.8 20

2000 -4 -4.0 -2.0 1.0 3.5 7.4 8

4000 -18 -15.0 -7.0 -2.0 3.0 11.4 12

6000 -20 -19.4 -14.0 -6.0 5.5 12.2 14
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TABLE 29 - DESCRIPTIVE STATISTICS OF SIX-MONThILY INCREMENTS IN

AUDITORY THiRES::OLD LEVELS IN BOYS 12-17 -:EARS OLD

FRF01JfFNCY
(HERTZ) N MEAN SD SKEW PSKEW KUIRT PKIJRT

RIGHT EAR
500 24 -1.0p 7.78 -0.21 0°9764 -0.14 1,0000

1000 24 0.33 5.13 1.26 0.0081 .3.76 0.0002
2000 24 O.R 4.31 -0.6q 0.1437 ,q02 0,318R

4000 24 2.58 7.04 -0.25 0.q43 -0.35 0.9911

6000 24 1.92 6.14 0.39 0.7731 0.40 0.9792

1,EFT EAR
500 24 0.25 7.88 0.04 1.0000 -0.87 0.7098

1000 24 0.17 5.62 0.55 0.2453 0.78 0.7616

2000 24 2.25 6.08 1.04 0.0266 0.87 0.7095

4000 24 5.5H* 6.67 0.02 1.0000 -0.75 0.7819

6000 24 2.17 9.71 -0.15 0.9979 -1.3A 0.1314

BETTER EAR
500 24 0.33 7.14 0.08 1.0000 -0.36 0.881

100 24 0.5p 5.79 0.66 0.1,15 1.5? 0.0961

2000 24 1.00 4.45 -0.36 0.8091 -().59 0.8854

4000 24 4.00** 5.78 -0.51 0.2831 -0.61 0. R915

6000 24 1.75 6.65 -0.09 1.0000 -1.07 0.2416

TEFT-RIGHT DLFVF:RENCF.S
500 24 1.33 7.57 -0.07 1.0000 -0.48 0.9469

1000 24 -0.17 3.91 -0.06 1.0000 -1.16 0.2061

2000 24 1.67 6.92 1.45 O,0029 2.27 0.0137

4000 24 1.00 9.34 -0.26 0.9278 -0.21 0.99q9

6000 24 0.25 9.53 -1.27 0.0076 1.84 0.0438

PERCENTILES

FPUE~fJFry
(HERTZ) MIN 10 25 MEDIAN 75 q0 MAX
RIGHT EAR
500 -20 -11.0 -6.0 -1.0 4.0 10.0 14
1000 -10 -5.0 -2.0 0.0 2.0 4.0 IR
2000 -12 -4.0 -2.0 0.0 4.0 6.0 H
4000 -14 -7.0 -2.0 4.0 7.5 12.0 16

6000 ,10 -7.0 -2.0 2.0 4.0 10.0 IR
UEFT EAR
500 -14 -11.0 -5.5 0.0 6.0 11.0 16

1000 -10 -R.o -. 5 0.0 2,0 7.0 16

2000 -6 -5.0 -2.0 0.0 5.5 11.0 20
4000 -6 -5.0 0.5 6.0 12.0 1.0 20

6000 -14 -12.0 -7.5 3.0 11.0 14.0 18
BETTER EAR
500 -14 -10.0 -2.0 0.0 4.0 13.0 14

lOnO -10 -8.0 -2.0 2.0 2.0 7.0 18

2000 -10 -4.0 -2.0 0.0 5.5 6.0 R
4000 -8 -6.0 0,5 5.0 R,0 11.0 14

6000 -10 -A.0 -.35 2.0 8.0 10.0 14

I,FFT-RIrIT DnIFFF C P FS
500 ,16 -H.0 -4.0 0.0 6.0 12.0 16
1000 -8 -5.0 -3.5 -1.0 4,0 5.0 6

2000 -8 -5.0 -2.0 0.0 1.5 17.0 24
4000 -1R -11.0 -2.0 3.0 9.5 16.0 20

6000 @30 -12.0 -5.5 2.0 7.5 10.0 1?

**9
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TABLE 30 - DESCRIPTIVE S!PATISTICS OF SIX-MO'TTHLY I'TCREMENTS IN
* AUDITORY THRESHOLD LEVELS IN GIRLS 3-11 YEARS OLD

FREOUENC Y
(flERTZ) N MEAN Sr) SKFW PSKEW KIIRT PKIIRT
RIGHT EAR
500 12 0.00 6.66 0.93 0.1402 0.15 1.0000
1000 13 1.85 6.95 0.50 0.7841 -0.72 0.9055
2000 13 -0.77 4.21 -0.12 1.0000 -1.17 0.6876
4000 12 0.67 5.93 0.14 0.99qq -1.59 o.1951
6000 12 2.17 7.46 0.55 0.7556 -0.70 0.9223
LEFT EAR
500 8 7.25 6.92 -0.16 1.0000 -1.22 0.7771

1000 11 O.1R 11.26 -0.32 0.9S'5 -1.42 0.260
2000 11 -1.27 6.08 -0.20 0.99R6 -1.49 0.24F,4
4000 9 3.79 7.64 0.24 0.99)2 -1.62 0.2481
6000 9 3.33 11.53 -0,55 0.8097 -0.58 0.9844
RETTER EAR
500 12 1.93 7.74 0.21 0.9c66 -1.14 0.7178
1000 13 1.69 h.73 0.41 0.96h0 -0.6) 0.9199
2000 13 -1.21 3.96 -0.02 1.0000 -1.3q 0.2429
4000 12 1.17 6.29 -0.02 1.0000 -1.5q 0.1945
6000 12 0.R3 8.67 0.54 0.7601 -0.29 0.9999
1,EFT-RIGHT )IFFERENCES
500 8 6.00* 6.68 0.36 0.9630 -0.96 0.9778

1000 11 -1.82 8.69 -0.37 0.9244 -o.99) 0.9531
2000 11 0.00 7.10 -0.55 0.7722 0.17 1.0000
4000 9 2.22 8.39 0.11 1.no0o -1.45 0.1017
6000 9 0.44 8.11 -0.50 0.8486 -1.44 0.3014

PERCENT I,ES

"R E OilE NC y
(HERTZ) MIN 10 25 MEDIAN 75 90 MAX
RIG11T EAR

500 -8 -7.4 -5.5 -1.0 3.5 13.0 16
1000 -8 -7.2 -3.0 0.0 6.0 14.4 16
2000 -8 -7.2 -4.0 0.0 3.0 5.2 6
4000 -9 -7.4 -4.0 -1.0 6.0 q.4 10
6000 -8 -7.4 -3.5 1.0 7.5 15.6 18
I,EFT EAR
500 -4 -4.0 1.5 8.0 11.5 19.R 18
100 -18 -17.2 -14.0 2.0 R.0 15.2 16
2000 -10 -10.0 -9.0 0.0 4.0 7.2 8
4000 -6 -b.0 -3.0 2.0 11.0 16.0 16
6000 -20 -20.0 -3.0 6.0 11.0 20.0 20
IF TTER EAR
500 -10 -8.8 -5.5 3.0 6.0 14.9 11
lOo -8 -1.2 -4.0 0.0 7.0 12.8 16
2000 -R -7.2 -4.0 -2.0 3.0 4.0 4
4000 -8 -7.4 -5.5 2.0 6.0 0.0 10
6000 -12 -11.4 -4.0 0*0 4.0 17.0 20
IFFT-RI GHT 0 1 FPF'NCES
500 -4 -4.0 2.5 4.0 11.0 1q.9 1R
1000 -1p -17.2 -6.0 0.0 4.0 10.4 12
2000 -16 -11.6 -4.0 0.0 4.0 10.H 12
4000 -10 -10.0 -5n 0.0 9.0 16.0 16
6000 -12 -12.0 -R.0 2.0 7.0 10.0 10

* .01< p .05
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TABLE 31 - DESCRIPTIVE STNTISTICS OF SIX-MOKNTrILY ITCREMENTS IN
AUDITORY THRESHiOLD LEVELS IN GIRLS 12-17 YEARS OLD

FREOUENCY
(HERTZ) N MEAN SD SKEW PSKEW KIIRT PKURT
RIGHT EAR
500 28 -2.00 6.95 O.Oq 1.0000 -0.61 0.8432
1000 29 -1.52 6.73 -0.41 0.7111 -0.0R 1.0000
2000 29 -1.66 5.83 -0.04 1.0000 -0.72 0.7617
4000 29 0.62 6.97 -0.15 0.9946 -0.74 0.745S
6000 29 2.00 9.41 -0.20 0.9713 -0.44 0,945R
LEFT EAR
500 28 -1.14 7.55 0.41 0.7204 0.14 1.0000
1000 2p 0.36 5.39 0.50 0.2f604 0.44 0.951q
2000 27 0.00 5.71 0.1]4 0.80Q -0.11 1.00o0
4000 28 3:57* 7.47 0.12 0.8415 -0.30 0.9951
6000 28 0.36 11.00 0.26 0.Q134 -0.92 0.2875
RFTTER FAR
500 28 -1.86 6.16 -0.03 1.0000 0.34 0.9R77

1000 29 -0.76 5.03 0.66 0.127 0.84 0.6843
2000 29 -1.03 5.31 -0.05 1.0000 -0.15 2.0o0o
4000 29 2.14 6.37 -0.04 1.0000 -0.73 0.7507
6000 29 1.93 8.66 0.05 1.0000 0.00 1.0000
1TFFI-R1GHT DTFFERENCES
500 28 0.86 6.83 -0.07 1.0000 0.71 0.7731
1000 28 1.86 6.06 0.7? 0.09Q3 0.02 1.0000
2000 27 2.07 5.64 -0.24 0.9357 -0.81 0.7161
4000 2R 3.07* 7.19 0.6b 0.1491 0.14 0.9874
6000 28 -1.29 11.68 -0.47 0.2821 -0.13 1.0000

PERCENTILES

FREOUENCY
(HERTZ) M[N t0 25 MEDIAN 75 90 MAX
RTCHT EAR
500 -16 -12.0 -6.0 -2.0 1.5 8.2 12
1000 -18 -12.0 -4.0 0.0 2.0 6.0 12
2000 -14 -10.0 -6.0 -2.0 4.0 6.0 10
4000 -14 -20.0 -4.0 0.0 6.0 10.0 14
6000 -18 -14.0 -4.0 2.0 8.0 16.0 20
LEFT EAR
500 -16 -12.0 -6.0 -1.0 4.0 8.6 18
1000 -10 -8.0 -2.0 0.0 2.0 8.4 14
2000 -12 -6.4 -4.0 0.0 2.0 10.4 12
4000 -10 -6.0 0.0 3.0 8.0 12.8 20
6000 -20 -12.2 -8.0 -2.0 11.5 14.4 24
BETTER EAR
500 -16 -12.0 -6.0 -1.0 3.5 4.0 14
1000 -10 -A.0 -4.0 -2.0 2.0 6.0 14
2000 -12 -10.0 -4.0 0.0 2.0 4.0 12
4000 -10 -6.0 0.0 2.0 8.0 12.0 14
6000 -16 -12.0 -3.0 0.0 8.0 10.0 24
LEFT-RIGHT DIFFFPFNCFS
500 -16 -8.4 -2.0 0.0 4.0 H.4 !e
1000 -_ -6.0 -2.0 0.0 5.5 12.0 IR
2000 "10 -6.4 -2.0 2.0 6.0 10.0 12
4000 -12 -4.2 -1.5 2.0 7.5 16.2 22
6000 -32 -1R.2 -6.0 -7.0 .0 14.2 16

.01< p-905
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TABLE 32 - SPEARMAN RANK CORRELATION

COEFFICIENTS BETWEEN AGE AND 6-MONTH AUDITORY-

THRESHOLD INCREMENTS IN BOYS AND GIRLS

Frequency Boys & Girls Boys Girls

(Hertz) n r n r n r

Right Ear

500 75 -.044 34 .054 41 -.161

1000 75 -.001 34 .233 41 -.243

2000 77 -.103 34 .091 43 -. 281

4000 76 -.013 34 .168 42 -.146

6000 76 .023 34 .200 42 -.117

Left Ear

500 71 .048 34 .338* 37 -.253

1000 72 .056 34 .306 38 -. 183

2000 73 -.064 34 .055 39 -.180

,
4000 72 .070 34 .392 38 -.248

6000 72 -.032 34 .266 38 -. 307

Better Ear

500 75 .000 34 .225 41 -.202

1000 75 .082 34 .404* 41 -.220

2000 77 -.031 34 .013 43 -.146

4000 76 -.018 34 .175 42 -.193

6000 76 .008 34 .190 42 -. 150

* .01 < p< .05
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6000 Hertz in 6 to ll-year-olds, (Tables 11-14). In this
case, the mean lateral difference is positive in the boys,
indicating a higher left ear threshold, but in the girls the
opposite is true.

The striking lateral differences seen in the mean
auditory thresholds are not present in the mean increments.
However, at 4000 Hertz there is a significant positive
lateral difference (Table 23). This implies that during a
six-month interval there was a greater threshold shift toward
hearing loss in the left ear than in the right ear. The
statistical significance is present only in the groups that
include 12 to 17-year-old girls (Tables 24, 26, and 30).
Since this result is limited to one group and only one
frequency, no biological importance is attached to it; it
might have occurred by chance alone.

NOISE EXPOSURE

At each examination a detaibd questionnaire was
completed regarding noise exposure. Different questionnaires
were administered on the first examination (Appendix B) and
on subsequent examinations (Appendix C). The responses to
the noise exposure questions were weighted differentially to
allow a quantitative noise assessment for each question. The
individual question scores were then summed to provide a
single total noise score. The scoring system that was used
is given in Appendix C. In addition, three other scores were
derived (chain saw, gun, and event) to evaluate particular
events that might be important in a participant's noise
exposure. These derived scores are outlined in Appendix D.

Noise exposure is considered separately for the
questionnaires taken on the first visit, representing the
total previous noise exposure history (Appendix B); and
questionnaires completed on subsequent six-monthly visits
(Appendix C) representing noise exposure for the appropriate
preceding interval. The major differences between the total
noise exposure history and the interval noise exposure
history are in the phraseology of the questions regarding the
time periods of noise exposure. For question 23 of the
total noise exposure history regarding the duration of
exposure to power tools, "occasionally" was weighted 1.0, and
"often" was weighted 5.0 in the calculation of this component
of the total noise exposure history score. Other than this
alteration, the various noise exposure scores were calculated
in an identical manner for the total noise exposure histories
and the interval noise exposure histories.

The summary statistics, including the ranges for the
scores, for each noise-related question, and the derived
scores, are given in Table 33 for boys and girls. With few
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TABLE 33. NOISE HISTORY SCORES FOR CHILDREN 6-17 YEARS.

Question Mean S.D. Median Minimum Maximum

BOYS
9 home 0.1 0.4 0.0 0.0 2.0

10 T.V. 0.0 0.2 0.0 0.0 2.0
11 stereo 1.5 1.4 1.5 0.0 5.3
12 instrument 0.8 1.4 0.0 0.0 7.0

13 live rock 0.0 0.1 0.0 0.0 0.8

14 toys 0.0 0.0 0.0 0.0 0.0
15 motorbikes 1.6 2.2 0.0 0.0 10.0

15 eng/firewks 0.5 0.8 0.0 0.0 3.0

18 guns 0.3 2.1 0.0 0.0 20.5
23 tools 3.0 2.8 1.7 0.0 10.0

24 machinery 0.6 1.2 0.0 0.0 4.0

Chain saw 0.5 2.2 0.0 0.0 10.0
Gun 35.8 48.0 0.0 0.0 100.0

Event 3.4 1.6 3.0 0.0 7.0
Total 8.1 6.0 7.2 0.0 29.9

GIRLS
9 home 0.2 0.5 0.0 0.0 2.0

10 T.V. 0.0 0.0 0.0 0.0 0.0

11 stereo 1.5 1.3 1.5 0.0 8.0
12 instrument 0.8 1.3 0.0 0.0 5.3

13 live rock 0.0 0.3 0.0 0.0 3.2
14 toys 0.0 0.0 0.0 0.0 0.0
15 motorbikes 1.8 2.0 2.0 0.0 10.0
16 eng/firewks C.0 0.4 0.0 0.0 3.6
18 guns 0.0 0.0 0.0 0.0 0.0
23 tools 2.4 2.1 1.7 0.0 6.7
24 machinery 0.3 1.0 0.0 0.0 4.0
Chain saw 0.9 2.9 0.0 0.0 10.0
Gun 13.6 34.4 0.0 0.0 100.0
Event 3.2 1.5 3.0 0.0 8.0

Total 7.1 4.3 6.6 0.0 18.4

Based on data from approximately 100 boys and 103 girls.
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exceptions, the distributions of the scores are significantly
skewed, being truncated at zero. This, of course, is why the
means and medians are not coincident, and why many of the
medians are zero. For data of this nature, only
non-parametric statistical approaches are appropriate.

There are few sex differences in median scores, and in
most cases there is little difference between the maximum
score for any item for girls compared to that for boys. Boys
do have a notably higher maximum score for the gun question
(No. 18) compared to that of the girls. However, the derived
gun score, calculated differently from that of question 18,
indicates that girls and boys had the same maximum gun score,
although the mean gun score for boys (35.8) was greater than
that for the girls (13.6). The maximum total score is
markedly greater in boys than girls although the means and
medians show only small sex differences.

The summary statistics for the scores from the interval
noise exposure histories (Appendix C) are given for boys and
girls in Table 34. The ranges of scores for interval noise
exposure are generally greater than the corresponding scores
from the total noise exposure histories, although the general
pattern of scores is similar in both noise exposure
histories. Sex differences are most clearly seen in the
maximum scores for each item; the boys generally having
higher maximum scores than the girls, especially for question
16 (fireworks), 23 (power tools), and the chain saw and gun
scores. An exception to this pattern is the maximum scores
for question 12, concerning playing an instrument; the girls
having a maximum score of 8.7, compared to 4.8 for the boys.
Percentiles for total noise scores from the total noise
histories and the interval noise histories are given for boys
and girls in Table 35.

The total noise scores obtained from the total noise
exposure histories and the interval noise exposure histories
are compared in Figure 32. The similarly skewed character of
the two curves can be seen, although the greater range of the
scores from the interval noise exposure histories is evident.

The four points at the extreme for the interval noise
exposure scores represent four participants with unusually
high scores. Three of these extreme scores are for boys and
one is for a girl. These extreme scores result primarily
from exploding a large number of firecrackers (question 16),
except for one boy (score = 101.3) who received his unusual
noise exposure from operating, or being near, power tools
(question 23), particularly gasoline lawn mowers.

The event score was devised in an attempt to quantify
noise exposure through identifying the number of different
types of events that may be important sources of noise

98



L

TABLE 34. INTERVAL NOISE SCORES FOR CHILDREN 6-17 YEARS.

Question Mean S.D. Median Minimum Maximum

, BOYS

9 home 0.0 0.0 0.0 0.0 0.0

10 T.V. 0.7 1.0 0.5 0.0 6.0

11 stereo 2.2 1.8 2.3 0.0 8.0
12 instrument 0.5 1.1 0.0 0.0 4.8

13 live rock 0.0 0.2 0.0 0.0 1.6

14 toys 0.0 0.0 0.0 0.0 0.0

15 motorbikes 1.4 1.7 0.0 0.0 6.0
16 eng/firewks 6.0 23.7 0.0 0.0 210.0

18 guns 2.2 7.7 0.0 0.0 54.0
23 tools 8.4 15.7 3.3 0.0 113.7

24 machinery 0.4 1.1 0.0 0.0 4.0

Cha.in saw 0.9 3.1 0.0 0.0 20.0
Gun 1.0 9.8 0.0 0.0 100.0

Event 2.6 1.5 2.0 0.0 7.0

Total 21.5 31.8 11.7 0.0 232.7

GIRLS

9 home 0.0 0.1 0.0 0.0 1.0

10 T.V. 0.7 1.1 0.5 0.0 6.0
11 stereo 2.2 1.6 2.4 0.0 6.6
12 instrument 0.7 1.4 0.0 0.0 8.7
13 live rock 0.0 0.2 0.0 0.0 1.6
14 toys 0.0 0.0 0.0 0.0 0.0
15 motorbikes 0.9 1.5 0.0 0.0 6.0

16 eng/firewks 1.8 9.4 0.0 0.0 70.0
18 guns 0.6 2.4 0.0 0.0 15.2

23 tools 3.3 6.4 0.0 0.0 40.0

24 machinery 0.2 0.6 0.0 0.0 3.0

Chain saw 0.0 0.3 0.0 0.0 3.0

Gun 0.0 0.0 0.0 0.0 0.0

Event 1.9 1.5 2.0 0.0 6.0
Total 10.5 13.5 6.5 0.0 81.0

Based on data from approximately 103 boys and 110 girls.
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TABLE 35. PERCENTILES FOR TOTAL NOISE SCORES FROM
TOTAL NOISE EXPOSURE HISTORIES AND INTERVAL NOISE

EXPOSURE HISTORIES.

Percentiles

Questionnaire 10 25 50 75 90

Boys

Total 1.5 3.3 7.2 11.7 16.6

Interval 1.4 5.1 11.7 22.4 58.0

Girls

Total 1.8 3.7 6.6 9.2 13.3

Interval 1.8 3.3 6.5 12.6 20.2

Based on total noise exposure histories from

104 boys and 106 girls and interval noise
exposure histories from 104 boys and 112 girls.

exposure for a child. As shown in Tables 33 and 34, there is
little difference between boys and girls in the number of
important noise events experienced. The interval data show
higher total event scores for boys after 14 years. This can
be seen in Figure 33 which presents median event scores
obtained from total noise exposure histories and interval
noise exposure histories at each age for boys and girls.

Definite age trends are not apparent for median total
noise exposure history event scores, (Figure 33). Although
there appear to be no systematic sex differences, nor age
trends in median event scores from the interval noise
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FIGURE 32 - PERCENTAGE DISTRIBUTIONS OF TOTAL NOISE

SCORES FOR ALL CHILDREN FROM TOTAL NOISE EXPOSURE

HISTORIES AND INTERVAL NOISE EXPOSURE HISTORIES

exposure histories in the preadolescent years, there seems to
be a small, but definite, adolescent spurt in median noise
events for boys; rising from a median of 2.0 at 13 and 14
years of age to a median of 4.0 at 16 and 17 years of age.
No such adolescent trend is apparent in the median number of
noise events experienced by girls.

The total noise scores and the total event score are
imprecise and susceptible to large errors in estimating the
sound levels resulting from various activities. One person's
exposure to a "loud stereo" system or "loud vehicle" may be
10, 20 or more decibels higher than that of another person
giving the same response to the question. For this reason an
alternative method of anlaysis was devised. Information
contained in the questionnaire was used to group participants
into those reporting exposure to a particular category of
noise and those who were not exposed to that noise. The
means and medians of each group were compared. The nine
categories selected are the components of the total event
score (Appendix D). While these categories are arbitrary,
they are considered to be the most likely sources of noise
exposure. They are summarized below.
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FIGURE 33 - MEDIAN EVENT SCORES FROM TOTAL

NOISE EXPOSURE HISTORIES AND INTERVAL NOISE

EXPOSURE HISTORIES FOR BOYS AND GIRLS

Flight Pattern -Participant lvswti 0 eto
road or flight pattern.

Loud TV - Participant considers the TV is usually loud

when he or she watches it.

Loud Music - Participant considers the volume of a

radio or stereo system is loud, as opposed to medium or

quiet, when he or she is listening to it.

Amplified Musical Instrument - Participant plays an

amplified musical instrument.
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Loud Vehicles - Participant is often near or involved
with motorcycling, motorboating, drag or auto racing,
go-carting, minibiking, etc.

Fireworks - Participant had been within 50 feet of
exploding firecrackers or small gas engines.

Near Firearms - Participants fired or were near someone
else firing a gun larger than a .22 caliber.

Power Tools - Participants were near others using power
tools, such as drills, saws, gasoline lawn mowers, etc.

Farm Machinery - Participants used or were often near
farm machinery.

The percentage of participants for two age groups that
reported exposure to the various categories are summarized in
Figure 34. For most noise categories, a slightly higher
percentage of children in the 12-18 age group reported
exposure than the younger age group. The only exception was
loud TV, in which a larger proportion of younger children
were exposed. However, there is very little difference
between the two age groups in porportion exposed to any noise
category.

Figure 35 presents the age-specific medians for the
total noise scores for boys and girls obtained from the total
noise exposure histories. These are similar in each sex from
6 to 12 years of age, later the median noise totals for the
boys rise sharply, causing marked sex differences in the
median noise totals during most of the adolescent years.

The median total noise scores obtained from the
interval noise exposure histories (Figure 36) indicate more
consistent sex differences and age trends than those seen in
the total scores from the total noise exposure histories.
For boys and girls, the median total noise scores from the
interval histories increase systematically with age. At most
ages, boys have greater median total noise scores than girls,
the differences becoming most pronounced after the age of 10
years, when the boys medians increase rapidly. The
difference between boys and girls becomes greatest at 16
years of age when it is 16.5.

The age trend in the total noise scores is shown by
Spearman rank correlation coefficients of total noise with
age. Spearman rank correlation coefficients of total noise
with age (Table 36). The total noise scores from the total
noise exposure histories correlate with age +0.55 for boys
and +0.26 for girls, while the correlations between the
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interval noise exposure scores and age are +0.45 in boys and
+0.28 in girls. All these correlations are highly
significant (p < 0.01).

A number of questions on the interval noise
questionnaire are "flagged" primarily to indicate changes in
the activity patterns of the participant and his family that
may be related to noise exposure. The percentage of children
with "flagged" responses to questions from the interval noise
exposure history are given in Table 37. The precise
questions asked are found in Appendix C. The data in Table
37 generally indicate there is little change in jobs,
hobbies, recreation, etc., that are possibly noise related;
the highest percentage of changes (12%) concerned
participants changing jobs that could have altered noise
exposure.
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CHILDREN WITH UNUSUAL HEARING LOSS OVER SIX MONTHS TIME

Hearing loss over the period studied is indicated by
large positive increments in thresholds. Children were
selected who had threshold increments greater than the 90th
percentile (Table 23) for at least four frequencies
considering both ears; there were four such children.

No. 594. This is a thirteen year-old girl who had
six-moEthincrements of 10 and 12 decibels at 2000 Hertz and
4000 Hertz, respectively in the right ear, and increments of
12, 20, and 18 decibels at 2000 Hertz, 4000 Hertz, and 6000
Hertz, respectively in the left ear. Her increments at the
other frequencies range from -2 to 6 decibels; these
increments do not differ greatly from those in the rest of
the sample. She had a cold, but no ear problems at the time
of the second examination, and had a rather normal otoscopic
inspection. Although the technician considered the girl's
right ear responses at the first visit were somewhat erratic,
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the technician was rather confident of the accuracy of the
recorded levels. The girl's total noise scores weremoderate, 8.9 and 16.9, for her first and second visitsrespectively. For the latter visit most of the noise

exposure came from questions 10 and 23, recording an average
of six hours of loud television per day, and 12 hours (total)
of being close to gasoline lawnmowers and electric power
tools (lawn edgers, drills, etc.) during the six-month
interim. In brief, there is little apparent reason to
indicate that the hearing loss was due to otological
abnormalities, general health, or the testing procedures per
se but excessive noise may have been a factor.
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TABLE 36.- SPEARMAN RANK CORRELATION COEFFICIENTS (r)
BETWEEN AGE AND NOISE SCORES

Noise Scores Boys and Boys Girls
Girls

Period Type
n r n r n r

Total Total 210 .430** 104 .552** 106 .257**

Total Event 209 .334** 104 .510"* 105 .133

Interval Total 225 .353** I1 .447** 114 .276**

Interval Event 224 .085 110 .254* 114 -.057

.01< p :L.05

* p _.01

No. 697. This is an 8-year-old girl who had a hearing
loss at each frequency except 6000 Hertz. The six-month
increments of 12 and 16 decibels at 1000 and 5000 Hertz,
respectively in the right ear, and 12 decibels at 5000 Hertz
in the left ear are all above the 90th percentiles for those
frequencies. In addition, increments of 10 decibels at 4000
Hertz in the right ear, and 8 decibels at 1000 Hertz in the

* left ear are coincident with the 90th percentiles at those
frequencies. The tester indicated the girl was rather
fidgety during the second visit, but was not concerned about
the quality of the girl's responses. The otological
inspections indicated meatal abnormalities, particularly for
the left ear. There was no indication that an interim
general health condition was responsible for the hearing
loss. The girl's total noise scores (total period and
interval) for the two visits were 8.7 and 3.3, which
approximate the 75th and 25th percentiles respectively for
total noise distribution. At the latter visit, the girl said
she was now going to a rifle range weekly, although her
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TABLE 37. PERCENTAGE OF CHILDREN WITH SPECIFIC
QUESTIONS "FLAGGED" ON INTERVAL NOISE EXPOSURE
HISTORIES.

1

Percentage of
Question Children

17 family hobbies 5

19 jobs 12

20 father's job 1

21 mother's job 0

22 hobbies 5

26 hearing protectors 5

iSee Appendix C for definitions of questions.
Based on data from 218 children.

responses to question 18 concerning guns do not indicate
excessive noise exposure (gun score = 0). Other than some
meatal abnormalities, there is little apparent reason for the
recorded hearing loss.

No. 801. This is a 7-year-old boy with increments
greater than the 90th percentile at four frequencies in the
right ear, and at two frequencies in the left ear. These
increments are 22, 14, 18, and 16 decibels at 1000, 2000,
4000 and 6000 Hertz, respectively, in the right ear; and 10
decibels at 1000 and 2000 Hertz in the left ear. The other
increments show little change except an 8 decibel decrease at
500 Hertz in the right ear. His otological inspection was
normal except that a cone of light was not seen at either
visit. During the second examination, the boy talked
frequently thoughout the testing procedure, somehow cut his
finger on the arm of the chair, and apparently was very
sleepy (9:00 a.m.), yawning between talking and worrying
about the small cut. It appears that the marked hearing
losses indicated by the boy's increments are artifactual due
to inattention, distraction, etc., during the second visit.
His total noise scores (total period and interval) at the
visits were very low, 2.0 and 3.7, respectively.
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No. 9027. This is a 13-year-old girl who demonstrated
unusual hearing loss, particularly in the right ear. The
six-month increments ranged from 12 to 16 decibels in the
right ear, including all frequencies in that ear except 2000
Hertz. In addition, the girl had an increment of 10 and 24
decibels at 4000 and 6000 Hertz, respectively in the left
ear. At the second visit, the girl complained of some
dizziness, earache, and intermittent ringing in both ears.
In answer to the questionnaire, the girl reported she was
swimming daily for 5 to 6 hours. The girl's parents were
notified appropriately. It seems probable that the unusual
hearing loss was due to ear infection. Her noise scores for
this period were within normal limits.

No. 9028. This is a 14-year-old boy with large
threshold increments, at low frequencies in both ears, and
some hearing loss at all frequencies, except at 6000 Hertz in
the right ear. The six months' increments were 12 and 18
decibels at 500 and 1000 Hertz, respectively, in the right
ear; and 12 decibels at 4000 Hertz, and 16 decibels at 500
Hertz and 1000 Hertz in the left ear. The boy complained of
a cold, sore throat, and mild sinusitis at the second visit.
At both visits, the otological inspection was normal except
for altered cones of light. The boy's total noise scores
(total period and interval) were moderate, 3.3 and 8.3
respectively, for successive visits. Almost all this noise
exposure score came from question 11 (listening to radio or
stereo) and question 23, (using a power lawn mower). The
hearing losses found probably reflect reduced hearing acuity
due to illness.

ASSOCIATIONS BETWEEN AUDITORY THRESHOLDS AND GENERAL HEALTH
AT TIME OF TEST, AND RESULTS FROM OTOLOGICAL INSPECTION

Participants were selected who were below the 10th
percentile (better hearing), or above the 90th percentile
(poorer hearing) in their auditory thresholds at each
frequency. The percentage of these children with abnormal
otoscopic inspections and general health are given in Table
38. The prevalence of each of the scores and their
definitions for this part of the examination are given in see
Tables 6 and 7 and Appendix A.

In Table 38 the overall prevalences of abnormal
findings in the health and otoscopic inspection are compared
for the two groups using angular transformation for
differences between proportions (Sokal and Rohlf, 1969).
Children with higher thresholds (poorer hearing) tend to have
slightly more abnormal responses to the general health
question, although the difference is not significant. Most
of the abnormal responses for both groups to this item are
due to colds or sinusitis.
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TABLE 38. PERCENTAGE OF CHILDREN WITH ABNORMAL HEALTH
HISTORIES OR OTOLOGICAL INSPECTIONS WHOSE AUDITORY

THRESHOLDS ARE BELOW 10TH PERCENTILE LEVELS (BETTER HEARING),
AND ABOVE 90TH PERCENTILE LEVELS (POORER HEARING) FOR THE
RIGHT EAR. SEXES AND AGES ARE COMBINED.

Frequency General Cone

(Hz) n Health Tragus Meatus Drum of Color
Light

< 10th Percentile

500 20 20 0 10 15 30 20

1000 25 8 4 4 0 32 12

2000 15 20 0 7 13 40 33

4000 24 8 0 8 4 37 17

6000 24 21 0 12 21 42 33

Total 108 15 1 8 10 36 63

> 90th Percentile

500 22 32 0 14 14 50 18

1000 22 27 0 9 9 41 18

2000 23 13 0 26 13 43 22

4000 20 25 0 20 25 45 20

6000 24 25 0 17 8 21 17

Total Ill 24 0 17 14 40 19

t 1.79 -1.42 1.98* 0.73 0.54 -2.16*

*p <0.05
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There is no difference in the prevalence of abnormal
tragi between the two groups. Although children above the
90th percentiles for thresholds have abnormal eardrums and
light findings slightly more frequently, the differences are
not significant. The results show,however, that children
with better hearing (< 10th percentile) do have significantly
fewer meatal abnormalities. This is consistent with the
findings of Roberts and Federico (1972), who reported
significant increases in auditory thresholds associated with
complete obstruction of the auditory canal (usually by
cerumen) in the NCHS survey. In the present study various
auditory canal obstructions were among the most common
findings classified as meatal abnormalities (see Tables 6 and
7). The comparison of the two groups indicates also that
there are significantly more abnormalities regarding ear drum
color in the group with---tter hearing. This may be due to
lack of clinical experience of our technicians, or may
indicate an inappropriate examination criterion, or simply
the vagaries of sampling and of constructing criteria for
qualitative traits.

ASSOCIATIONS BETWEEN THRESHOLDS AND SIZE AND MATURATION

To assess the associations between auditory thresholds
and size, stature was correlated with the auditory threshold
of the better ear measured at the same examination for the
Fels series. The Spearman rank correlation coefficients for
boys and girls are given in Table 39. There is little
association between attained stature and auditory thresholds
in boys. For girls, significant negative correlations at the
lower frequencies indicate that taller girls tend to have
lower auditory thresholds; that is, better hearing at these
frequencies than the shorter girls.

The relative skeletal maturity (skeletal age less
chronological age) indicates those children who are advanced
or retarded in skeletal development relative to the standard,
and is a measure of the relative biological age or maturation
of the individual. The Spearman rank correlation
coefficients between relative skeletal maturity and auditory
thresholds in the better ear of boys and girls are civen in
Table 40. little consistent pattern is apparent in

correlations in the total sample and in the 6 to 11-year-old
group. Powever, in the 12 to 18-year-old group, the
correlations between relative skeletal maturity and auditory
thresholds are all negative, suggesting that the more rapidly
maturing children tend to have lower auditory thresholds.
This is trlie particularly in cirls and at the lower
froc'uencies. The small sample size may account for the lack
of statistical sirinificance or alternatively for a spurious
trend in -his age group. If these results reflect biological
phenomena i t may be thal there is a maturational component
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TABLE 39. SPEARMAN RANK
CORRELATION COEFFICIENTS (r)
BETWEEN STATURE AND AUDITORY
THRESHOLDS IN BETTER EAR OF BOYS
AND GIRLS

Frequency Boys Girls

(Hertz) n r n r

6-12 year olds

500 50 -.102 43 -. 367*

1000 50 .122 43 -. 252

2000 50 .107 44 -. 599**

4000 50 -.008 43 -. 247

6000 50 -. 016 43 -.071

12-18 year olds

500 47 .004 60 -. 253

1000 47 .290* 60 -.273

2000 47 .075 61 -.299

4000 47 .206 61 -.048

6000 47 .001 61 .102

* .01<p .05
** p <.01
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TABLE 40. SPEARMAN RANK CORRELATION
COEFFICIENTS (r) BETWEEN RELATIVE
SKELETAL MATURITY (SKELETAL AGE--

CHRONOLOGICAL AGE) AND AUDITORY
THRESHOLDS IN THE BETTER EAR

Frequency Boys Girls
(Hertz) n r n r

Total Sample

500 68 -.029 63 .012

1000 68 -.071 63 -. 116

2000 68 .169 65 .074

4000 68 -.049 64 .133

6000 68 -.044 64 .097

6-11 years

500 38 .015 40 .097

1000 38 -.033 40 -. 082

2000 38 .401 41 .213

4000 38 -.032 40 .183

6000 38 .150 40 .253

12-18 years

.
500 29 -.106 21 -.433

1000 29 -.206 21 -.493*

2000 29 -.105 22 -. 397

4000 29 -.087 22 -. 140

6000 29 -.228 22 -. 193

.
.01 <p <.05.
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TABLE 41. SPEARMAN
RANK CORRELATION
COEFFICIENTS (r)
BETWEEN AGE AT
MENARCHE AND
AUDITORY THRESHOLDS

IN THE BETTER EAR

OF GIRLS

Frequency N r
(Hertz)

500 48 -.110

1000 48 -.022

2000 48 -.121

4000 48 .068

6000 48 .112

associated with increases in hearing acuity during puberty
and adolescence, or during adolescence the more rapidly
maturing girls may somehow be better at performing the tasks
necessary to the auditory testing situation.

The Spearman rank correlation coefficients between
auditory thresholds and age at menarche (first menstural
flow) are given in Table 41. This sample includes the Fels
girls and some of the middle school girls. Age at menarche
is an indicator of rate of sexual maturation. None of the
correlations in Table 41 are significant; however, those at
the low frequencies are negative, suggesting that more
rapidly maturing girls tend to have higher auditory
thresholds. This is in the opposite direction to that
expected considering the above results relating to skeletal
maturation. Certainly the possibility of developmental
associations between maturation and auditory thresholds needs
further investigation.
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TABLE 42. SPEARMAN RANK
CORRELATION COEFFICIENTS (r)
BETWEEN INTERVAL TOTAL NOISE
SCORE AND AUDITORY THRESHOLDS
IN BOYS AND GIRLS

Frequency n Correlation
(Hertz) Coefficient

500 223 -.090

1000 223 .004

2000 224 .057

4000 223 .034

6000 223 -.040

ASSOCIATIONS BETWEEN AUDITORY THRESHOLDS AND NOISE SCORES

Almost all examinations after 26 January 1976 were
repeat visits for most participants; therefore, the total
noise scores from the interval noise exposure histories were
used to investigate associations with auditory thresholds and
6-month increments in auditory thresholds.

In the sample as a whole, there is no significant
association at any frequency between auditory threshold and
previous interval total noise exposure score as measured by
the Spearman rank correlation. Table 42 gives the
correlation coefficients at each frequency. Likewise, when
the sample is broken into age groups and sexes (Table 43) no
significant correlations are found.

When the relationship between the total noise scores
from the interval noise exposure histories and 6-month
auditory threshold increments was investigated, a similar
lack of association was apparent. In Table 44 the Spearman
rank correlations are reported for right, left, and better
ear in boys and girls. Table 45 gives the correlations
between interval chain saw score and 6-month auditory
threshold increments; none are significant. There were too
few participants with a positive interval gun score to
calculate the corresponding correlations.
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TABLE 43. SPEARMAN RANK CORRELATION
COEFFICIENTS (r) BETWEEN INTERVAL TOTAL NOISE
SCORE AND AUDITORY THRESHOLDS IN BETTER EAR OF
BOYS AND GIRLS BY AGE GROUPS

Boys Girls

Frequency Correlation Correlationn n
(Hertz) Coefficient Coefficient

6-11 year olds

500 44 -.140 36 .082

1000 44 -.037 36 .205

2000 44 .005 37 -. 075

4000 44 -.052 36 -. 029

6000 44 -. 210 36 -.071

12-18 year old-,

500 66 -. 150 76 .081

1000 66 .012 76 .110

2000 66 .157 76 .221

4000 66 .039 76 .152

6000 66 .063 76 .100

While there were no significant correlations between
noise scores and hearing measurements, this does not imply
that they are not related. The relative imprecision
associated with the derivation of the various noise scores
has been alluded to previously. In general, girls have
slightly better hearing than boys and less variation in
threshold measurements. This may reflect differences in
behavior resulting in less noise exposure, and therefore,
less hearing loss due to noise exposure. This explanation is
supported by the fact that the threshold differences between
boys and girls are larger in the 12 to 17-year-olds than in
the 6 to ll-year-olds. Moreover, the total noise exposure
scores show a marked sex difference only in the older group,
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TABLE 44. SPEARMAN RANK CORRELATION
COEFFICIENTS(r) BETWEEN INTERVAL TOTAL NOISE

SCORE AND 6-MOvNTH AUDITORY THRESHOLD
INCREMENTS IN BOYS AND GIRLS

Frequency Boys & Girls Boys Girls
(Hertz) n r n r n r

Right Ear

500 75 -. 061 34 -. 252 41 .091

1000 75 -. 038 34 -. 146 41 .038

2000 77 -.215 34 -.471** 43 -.145

4000 76 .063 34 .028 42 .089

6000 76 -. 058 34 .292 42 .082

Left Ear

500 71 .046 34 .041 37 .083

1000 72 -.078 34 -.222 38 .140

2000 73 -.044 34 -.245 39 .017

4000 72 .010 34 -.121 38 .100

6000 72 .035 34 -.002 38 .054

Better Ear

500 75 -.004 34 -.192 41 .113

1000 75 -.070 34 -.226 41 .050

2000 77 -.028 34 -.295 43 .025

4000 76 .071 34 -.131 42 .193

6000 76 .048 34 .004 42 .085

p <.01
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TAB3LIA 45. L, ,, Lk iU C(_IIRRELA']iO',<

COE"L'ICIENTS (r) BE1"ERIK INTE!<VAL CISi>.;,
SCORE AND 6-1NOCNTH AUDITORY TIRELS-OLD
I NCRE:ILNTrS

P igjut F'.,: L L Rqr

Ir, jucncy Correl-i tion Co-r i ti on
(V Lt-t) Cocf c r Cc,, I :

il)u 7' . 014 79I; . O o

.1000 76 .0(86 71 -. ' >

2000 71 .077 72 -

4000 76i -. 04 71 . 0-

'000 73 -. 041 71 - .

with boys having the higher total noise exposure. Therefore,
if noise is having an adverse effect, older boys should have
higher thresholds. This is consistent with our findings.
Finally, the 6-month increments are larger in the direction
of hearing loss in the older group, and more pronounced in
boys.

The associations between hearing and the noise event
categories described previously, as measured by group
differences suggest important sources of noise that may
affect hearing. Large and significant non-normality is
present in the threshold distributions of the two groups of
each event category at each frequency. This precludes the
use of a t-test to compare the means. However, a casual
comparison of the means indicates that all differences are
very small (generally less than two decibels) and significant
differences are clearly not present. Since 4000 Hertz is the
frequency that would presumably be most sensitive to noise
damage, the means, standard deviations, and sample sizes of
the two groups for each event for the better ear are
presented in Table 46. The events are ordered in decreasing
differences (exposed - unexposed) between the means. A
positive difference, therefore, indicates that the exposed
group has a higher mean threshold (poorer hearing) than the
unexposed group.
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TABLE 46. DESCRIPTIVE STATISTICS FOR AUDITORY THRESHOLD
LEVELS AT 4000 HERTZ IN GROUPS EXPOSED AND NOT EXPOSED
TO SPECIFIC NOISE EVENTS

Difference Exposed Unexposed
Event

X - X X SD n X SD n

Fir .works -1.75 -2.53 6.12 101 -0.78 9.40 154

Loud rcndiao .S1 -2.18 5.46 53 -1.30 8.87 202

Fig~ht pult[arn .5 -2.0 8.80 3 -1.49 8.30 255

Powet tools .50 -1.34 8.94 180 -1.84 6.37 75

N..r irc.rrs 59 -1.02 6.72 51 -1.61 8.61 204

1>.inni ma.:Vinas 75 --0.94 6.61 o6 -1.69 8.77 189

Loud T.\. 1. 01 -0.22 4.91 54 --1.83 6.27 201

Amplifiedl inst. A.8 Z -0.29 6.1 i3 -1.54 8.31 248

L000 ,IchIcICS 2. 02 -0. 33 10.50 107 -2. 3,5 6.00 148

Instead of means, it is often more appropriate to look
at the medians and other percentiles. When the 90th
percentiles of the exposed and unexposed groups are compared
at 4000 Hertz in the better ear, there are only very small
differences for any event. In no case is the difference more
than two decibels.

Use o the 1.tt,.r ear data may mask differences in the
hearinj levels. Clu,'se Lxaminatio, of the data reveals that
the largiest d.Lftercr' -e, occur in the left ear of children in
the 12-18 year a,,, up The analysis of these data with
respect to the chaii cs in percentiles of auditory thresholds
shows , efinif shift s toward nr- rer hearing in those
reporting .\Csur t. uplified msical instruments, loud



vehicles, power tools, loud T.V. and farm machinery (Figure
37). Although there were too few exposures (only six) for
the 90th percentile (10 percent of the sample has poorer
hearing) to be meaningful, there is an apparent difference
between medians and means for the amplified music. Exposure
to loud vehicles and power tools resulted in a shift of two
decibels at the median and 90th percentile. While this shift
is small, it should help further refine the questionnaire in
these areas. Exposure to farm machinery resulted in a
similar two-decibel shift in the median. However, the 90th
percentile showed a larger, 7.5 decibel, shift. Such a large
change may indicate that exposure to farm machinery is a
significant problem with respect to noise-induced hearing
loss. Before a more definitive statement can be made,
however, more data need to be aquired.
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FIGURE 37 -LEFT EAR, AUDITORY THRESHOLD LEVEL MEDIANS AND
90TH PERCENTILES AT 4000 HERTZ IN 12-18 YEAR OLDS EXPOSED
TO SPECIFIC NOISE EVENTS
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CONCLUSION

Environmental noise may have adverse effects on the
auditory thresholds of people of all ages but there are
convincing reasons why the hearing of children should be
examined with particular care. Further, serial studies offer
several advantages over cross-sectional studies. The major
reasons why serial studies of auditory thresholds in children
are needed are:

1. Children may be more susceptible to noise damage
than adults.

2. Children may be exposed to different sources of
noise than adults; some of these may not be recognized
currently as influencing hearing.

3. Hearing loss in a child may have more severe
effects on learning and communication than a similar loss in
an adult.

4. Hearing thresholds during childhood may be
correlated with hearing ability in adult life.

5. Some effects found in cross-sectional studies may
not be general trends in all individuals, but either
artifacts of sampling or reflect marked changes in subgroups.

6. A longitudinal study is the only way to determine
whether the effect of noise on an individual's hearing is
temporary or permanent.

7. A longitudinal study, especially in children,
allows one to examine the effect of developmental and growth
changes on hearing levels, and to separate these from
environmental effects.

This multi-year serial study was undertaken because of
the factors enumerated above and because so little is known
about environmental and developmental effects on hearing in
children. Since the findings reported here represent only
the first year of data collection, the findings should be
considered preliminary; the study is only beginning to meet
its full potential. Furthermore, because fewer than half the
participants in the study had suitable multiple measurements
of auditory thresholds, most of the present data are
cross-sectional rather than longitudinal.

The group constituting the Fels sample has relatively
good hearing. The mean and median thresholds at almost all
frequencies are 2 to 6 decibels lower than those from United
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States national surveys (Roberts and Federico, 1970; Roberts
and Ahuja, 1975) for children of corresponding ages.
Probably these differences reflect dissimilarities between
the Fels and national samples in many aspects, e.g.,
geographical, socioeconomic, racial factors.

There are indications that some abnormal otological
findings may be associated with hearing losses. Also of
interest are analyses of auditory thresholds in relation to
body size and sexual and skeletal maturity. There is a
suggestion of possible developmental correlates because the
auditory thresholds decrease during adolescence, especially
in girls. Rapidly maturing children tend to have lower
thresholds than others although this requires further
investigation.

Consistent and sometimes large lateral differences in
thresholds occurred. These may be due to testing procedures
or, perhaps, represent biological differences; further
studies are needed to clarify this. Lateral differences are
not present in the increments, which suggests that these
differences are likely to be due to testing artifacts.

The older group of children (12 to 17-year-olds) had
lower thresholds than the younger group (6 to ll-year-olds):
a much larger proportion of the older children were hearing
at the lowest possible limit of the audiometer. In addition,
there is significant negative correlation between age and
thresholds. This may mean younger children cannot perform
the testing task well enough to reach their "true"
thresholds; an alternative explanation is that hearing
ability may improve slightly during the middle childhood
years.

Auditory thresholds tend to be higher at 4000 and 6000
Hertz than at the other frequencies tested in each group
examined. Similarly, at these frequencies, the mean 6-month
increments in thresholds are consistently larger (decline in
hearing ability) than at lower frequencies. This finding is
consonant with the view that noise might be important with
regard to auditory thresholds of children. The higher
frequencies (especially 4000 Hertz) are the more sensitive to
damage by noise, whether permanent or temporary threshold
shifts are considered. Therefore, the higher initial
thresholds and larger increments at higher frequencies may
result from noise exposure.

In general, girls have slightly lower mean thresholds
than boys and less variation in threshold measurements at a
given age. This may reflect differences in behavior
resulting in less noise exposure, and therefore less hearing
loss due to noise exposure. This explanation is supported by
the fact that threshold differences between boys and girls
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are larger in the 12 to 17-year-olds than in the 6 to
ll-year-olds. Moreover, the median total noise exposure
scores show a marked sex difference only in the older group,
with boys having the higher total noise exposure. Therefore,
if noise is having an adverse effect, older boys should have
higher thresholds. This hypothesis is consistent with the
present data. Finally, the 6-month increments are larger, in
the direction of hearing loss, in the older group and more
pronounced in boys. Because the thresholds of girls tend to
be lower and less variable than those of boys, the sex
differences may reflect less noise exposure in the girls.
Certainly the trend of increasing sex differences in mean
thresholds with age is in accordance with the trend of
increasing sex differences in noise exposure although the
correlations between noise exposure scores and auditory
thresholds were not significant.

It is clear that participants in the study have a wide
range of noise exposure and a wide range of sources of this
noise. The noise exposure histories of many participants
suggest high levels of noise exposure. The current
quantification procedure applied to the noise exposure
histories is imprecise. However, the concept should be
retained because it allows comparisons that are very
difficult to make qualitatively. While the quantitative
noise exposure scores from the interval and total noise
exposure histories are important measures of noise exposure,
the formula by which they are derived may be modified in the
future. Empirical modifications based on the distributions
of each question score, and relationships with the data from
other questions concerning noise, and dosimeter studies will
be helpful in this regard.

The qualitative approach allows the identification of
specific noise events that may be significant biologically.
Therefore, it is very important. The various data concerning
noise exposure indicate fireworks and being near firearms
were not problems in this sample with respect to
noise-induced hearing loss, although the potential for
considerable hearing loss from the use of firearms has been
demonstrated in other studies. Loud stereo, hi-fi, or radio;
loud vehicles; loud television, and power tools may be
associated with some elevation of auditory thresholds in the
present sample; such findings in these noise categories
indicate the need for further investigation. Being near or
using farm machinery and playing amplified musical
instruments are two categories that appear to be most
implicated as possible causes of auditory threshold changes
in the study population.

The major long-term aims of this study are to determine
the pattern of auditory threshold levels in children and to
relate changes in these thresholds to developmental and
environmental events (particularly noise exposure). While it
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is too early in the study to establish patterns or
unequivocally relate changes to specific events, it is clear
from the preliminary findings that the design, sample, and

* methodology of the study are ideally suited for the
attainment of these long-term aims. The preliminary findings
of sex and age effects, as well as relationships among

-thresholds, increments, noise exposure and other related
measurements, only hint at the potential of this study to
answer important questions that relate to human hearing.

12
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RECOMMENDATIONS

Overall age trends can be derived from cross-sectional
studies, but developmental trends within individuals may be
masked in the data from such studies. only in a lonqituuinal
study can one determine patterns -.f change wi thin
individuals. Furthermore, the effects of d-,,elopmental and
environmental influences on tnese rhanqes in in(lividuals can
be studied if appropriate serial data are ivai]abl. The
present study was designed with thi3 aiffitide in mi nl. It is
to be of at least 5 years' duratior D:.d bnth hi lciical and
environmental variables are to Ie co1l--1.

Lonaitudinal studies, by their nature, d1o not reach
their full potential until there arc at least 5 data 1,ints
per participant that are reasonaL'y Fepar te ( by aqe.
Therefore, it is imperative that thiF; sturlv cortinue so that
patterns of change in hearing threq o-cds it, these children
can be analyzed and those chnse 'ulat, to ,vironmenta~l
and developmental factors.

A likely cause of decreases ir, l[earing acuity is
excessive environmental noise; therefore the iden~tification

, of specific sources of noise tha- relate directly to hearing
loss in individuals is of great impcrtance. As the study
continues, portable dosim#eers wi.11 b, nsed to measure the
levels of noise exposure from variols sources reported in
questionnaires and the questionnaircs will be evaluated and
verified. This will allow the ,PvelcFrent of an improved
weighting system to, obtain total noise exposure scores for
the total period before ther first examination and the
intervals between examinations. It is clear that the
collection of much more data is necessary to investigate
properly and hopefully answer many of the imp-ortant questions
discussed in this report.

A final salient point relates to the specific study
population. For a longitudinal study fo he successful, one
needs a study group that will conrtinue to participate. The
Fels record in this regard is unique. The extremely high
level of continued cooperalian and prtiripation is well
established and proven. Another aspect thlat makes the Fels
group so appropriate for this study is the existence of
health and qrowth data record1d Ireviously -nd concurrently
that allows analyses of t o rekat ieships be, tween those
factors and aud.t, . thre ho1,.
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APPENDIX A

AUDITORY T|iR.lSIIOLD LEVEL

RECORDING FORM

Name717 (1-7)
Clan ,'l: L Number

Month Doy Year (8-14) Month Day Year (15-21)

Date of Test TesLer Sex

1 = Eileen i male
2 = Lee 2 = female
23 = Marty

OTOSCOPIC EXAMINATION

Tragus. Right ear Left ear

0 = normal ill-7
I = very large (22-23)

8 = othcr--see cOmments Comments:
9 = no examination

Meatus. Right ear Left ear

0 = nor -a Il
1 = completely closed (2h-25)

2 = hadly olu;-tructed with wax,
dizt, hair, almost closed

3 = very small or slit-like opening hut unohstructed
'I = small ouening badly olstruct.d with wax
5 = much wax. ctc. in canal but not obstrncted
6 = canal open but rather inflamed (very red) looking
8 = other--sce comments Comments:
9 = no examination

Ear Drum. Right ear Left ear

0 = normal
I = perforated Li Li (26-27)
2 = not seen because meatus small or obstructed
3 = scarred

O = other--see cerements Comments:

9 = no examination

Ear Drum, Cnra of ight. Ri cht car lof'- ear

0 = cnn- of 11,11h -'ell LF [711 (26-?9)
1 " cnrn,- cf I i ,vlh q '[ con b, cau '" twa' L tt.; L(u ll ] I or obstructed
f0 (otiLh r---o'o comumc t Coml:eilts:_

9 no ymi Ira t lol

2 = cone of lighL noL seen for otlher re-ason
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APPENDIX A
(continued)

AUDITORY THRESHOLD LEVEL RECORDING
F ORJM

Name

Ear Drum, Color. Right ear Left ear

0 = normal (30-31)

1 = very red and inflamed looking
2 = dull
3 = yellowish
4 = redder than normal, but not inflamed looking

8 = other--see comments Comments

9 = no examination

GENERAL HEALTH AT TIME OF TEST (32)

0 = normal, not ill
1 = has "cold, " but no ear problems
2 = is conge!;ted due to "sinus allergy"
3 = both ears " stepped up"
4 = right ear "stop ped up"
5 

= 
left ear ".:topped up"

6 = has ear infection, but no earache
7 = has ear infection, with earache
8 = other--see comments
9 = not recorded

COMMENTS ABOUT HEARING TEST

Continuity and completeness of testing (33)

0 = testing completed, no breaks
1 = testing cou[- Leted, one short (< 5 min) break between ears

2 = testing cmplotete, one short (< 5 min) break during testing
of right ear

3 = testing completed, one short (< 5 min) break during testing

of left car
4 = testing completed, took more than one break (specify in comments)

5 = testing corpleted, certain frequencies retested (specify
in commeon t s)

6 = testing di;e-ontinued, participant insisted (tired, restless, etc.)
7 = testing (ih contLinued, rcsounses too itrratic (lack of

coop"ra ion, t' I Comments

8 = other--see comments
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APPENDIX A
(continued)

AUDITORY T11ir-,IIOLD LEVEL RECORDING

Name_ FOW.i

Responses of participant (- 4Li(34)
0 = notmal good responses or better

I = often sijniled when no tone played

2 = particil:,int_ disinterested, not trying hard

3 = pirticiar'it's r -pnO - seemed nom2..hrJ irratic

4 = partic.i .' very reo tloss and "fid,]oty"

5 = pa-rti' n;,,int talked frequently througJhout test

6 = particip nL claimed to hea)r extraneonis noi.:es

during tet (e:oplain in corments)

7 = participant's parent in booth during testing

8 = other--see ccrnnentt;
9 = participant did well at the beginning but lost concentration

toward end of test

Comments

Comments written for individual frequencies

right car (35) left ear D_ (36)

0 = no comnents written 4 = 4000 HZ
I = )000 1Z 5 =  500 lIZ

2 = 2000 1IZ 6 = 6000 H1Z

8 = comments at more than one frequency

RIGHT EAR AUDITORY THRESHOLD LEVEL
Comments: 1000 (45-47)

2000 (48-50)

4000 (51-53)

6000 ( 54-56)
S000 (57-59)

500 (60-62)

LEFT EAR AUDITORY T]iMESHOLD LEVEL

Comments: 1000 (63-65)

2000 (66-68)

40,10 (69-71)

_6)_ 60 (72-74)

_ ____ (75-77)

5_ u0 (78-80)
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APPENDIX B

BIOGRAPHICAL, NOISE EXPOSURE, AND OTOLOrICAL HISTORY QUESTIONNAIRE

(Do not ask Fels participants circled questions.)

A. General Information

1. Clan number F A 1 - 3

2. Subject number A 4 - 7

3. Name LM A 8

4. Today's date i il i A 9-14

mo. day yr.

5. Questionner Eileen A 15

Lee [A 16

Marty _A 17

Roger HA 18

Other "A 19

Specify

6. Sex of participant Male A 20

FemaleLA 21

7. Participant's birthdate 11 L LE A 22 - 27

mo. day yr.

O What is your address and phone number?
address:

A 28 A 29 Street

(b 1 a n k)

City State

Zip Telephone

B. Noise Exposure History

9. Have you ever lived very near a busy road (such as a state
highway or freeway), airport, noisy factory, downtown in a
city, etc.?

M- R- a) busy road or airport
no yes within 100 ft. of road orr--
A 30 A 31 flight pattern U A 32

100 ft. to 100 yds. from
road or flight pattern
(length of football field)LJ A 33
Greater than 10yds ------------------- 3

b) 1low long have you lived[- L- A
there? L.. A 35 36

years
C) Other ya A 37

specify
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APPENDIX B

(continued)

10. How would your parents rate the sound volume of the TV when

you watch it the most? quiet A 38

average A 39

loud WA 40

a) flow many hours a day (average) do you watch TV? M A 41 - A 42

11. Have you ever listened to radio, stereo, hi-fi tapes, or

records?

no yes a) What percentage of the time do you listen with

A 43 A 44 headphones?

never A 45

less than 1/4 of the time A 46

between 1/4 and 1/2 of the time A 47

between 1/2 and 3/4 of the time A 48

greater than 3/4 of the time A 49

b) About how many hours each day do you listen?

less than one f A 50

1-2- A 51

3-4 A 52

more than four A 53

c) flow loud do you like the volume?

quiet A 54

medium A 55

loud A 56

d) What type of music do you usually listen to?

hard rock - - soul A 57

pop - - country - - western A 58

classical A 59

12. Have you ever played a musical instrument or sung with a band?

no yes a) Instrument __ A 62 - 63

A 60 A 61 amplified OlA 64

not amplified WA 65

b) About how many hours per week have you played it?

FI A 66 - 67
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c) Do you mostly play with a

rock 1h,:d? A 68
r i chiili or concert band? A 69

,rc'h, ,t A? 70

1, ' ':' rl".1f? A 71

13. Dti ycu i n to more than about one hour of live rock music

each week?

no yes Approximate number of hours/week E A 74 - 75

A 72 A 73

TA 80

CARD B - CLA. 1-7, same aB A WB8
14. Have you ever played with any very loud toys?

L1 D-1 a) Cap guns, pop guns, air guns

no yes 1. Rarely - (less than 1 hr/wk) B 11

B 9 B 10 2. Occasionally - (1-2 hrs/wk) B 12

3. Frequently - (4-6 hrs/2k) B 13

4. Very often - (more than 7 h r/wk) B 14

b) Other toys F B

Specify

15. Have you ever done or been around much motorcycling, motor boating,

drag or auto racing, go-carting, minibiking, etc.

' (estimate times while engine is runnino)

a) 8:otorcycles, outboard motor boats (> 35 H.P. engines)no yes-- ,--

B 16 B 17 1. Rarely - (less than 1 hr/wk B 18

2. Occasionally - (2-7 hrs/wk) B 19

3. Frequently - (7-15 hrs/wk) B 20

4. Very often - (more than 15 hrs/wk) B 21

b) Minibikes, auto or drag racine, snowmobile,

go-carts, small outboard or inboard rotor boats

1. Rarely - (less than 1 hr/wk) [ B 22

2. Occasionally - (2-7 hrs/wk) [ B 23

3. Frequently - (7-15 hrs/wk) B 24

4. Very often - (More than 15 hrs/wk) B 25

c) Other 2-46

Specify
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16. i{ave you ever played with any loud or explosive devices

(except guns; e.g., small gas-driven engines like on model

airplanes); fireworks, etc.)

D [j a) Firecrackers (within 50 ft. of explosives)

no yes 1. Seldom - (once or twice in 6 c..) B 29
B 27 B 28 2. Occasionally - (3-5 times in 6 ros. ) H B30

3. Often - (more than 6 times in 6 ms.) B 31

Estimate total no. exploded since last visit 13B 32 -

b) Small gas-driven engines- (e.g., model airplanes)

(while engine is running)

1. Seldom - (less than 1 hr/mo B 34
2. Occasionally - (1-4 hrs/mo) B 35

3. Often - (more than I hr/wk) B 36

c) Other El
Specify B 37

17. What are your parents' hobbies and recreational activities?

activiti.s

B 38 B 39
(b I a n M)

To be )udqd by questionnaire giver: Are any of
these a noise-relevant activity? El 0

no yes

B 40 B 41

18. Have you ever fired or been around anyone else firing a gun
since your last visit?

E] 1 a) Who fired?

no yes you B 44

B 42 B 43 someone else B 45 B 46 - B 48

b) What type of aun? B 47 - B 50
rifle or shotgun RB 51 (b 1 a n k)
pistol HB 52

c) What caliber?

.22 or smaller B 53

larger than .22 H B 54

d) How do you shoot?

right handed 55
left hand'd Li: 56
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B 57 - 59

e) Did you wear hearing protectors? E L B 60 - 61
no yes

f) H1ow many hours per month do you shoot (average)

or are around someone else shooting? B 62 - 63

g) For how many years? 1 1 B 64 - 65

19. Have you ever been employed?

job description

no yes _ _
-

_ _ __

B 66 B 67 be judged by questionnaire giver: D E
Is this a noise-relevant job? no yes B 68 - 69

20. What is your father's occupation?

Occupation:
B 70 B 71

(b 1 a n k) Employed by:

lTo be judged by questionnaire giver: D E11

Is this a noise-relevant job? no yes B 72 - 73

21. What is your mother's occupation?

Occupation:

B 74 B 75 Employed by:

(b 1 a n k) To be judged by questionnaire giver: D
1Is this a noise-relevant job? no yes B 76 - 77

W] B 80

ICARD C Col. 1-7 same as B C 8

22. What are your hobbies or recreational activities?

activities

C 9 C 10
(b I a n k)

To be judged by questionnaire giver: 7 _7

Is this a noise-relevant activity? no yes C 11 - 12

23. Have you ever used or been around power tools? (e.g., drills,

saws, sanders, grinders, etc.)
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yes
(1 = yes 0 no) or Occas-

ill lIZ no ionally Often
no yes electric tools (drills, saws, C15-17

C 13 C 14 sanders, grass edgers, etc.)

grinders I [ ] C18-20

gas lawnmowers, edgers, etc. C21-21

chain saws C24-2&

other C27-2q

Specify

24. Have you ever used farm machinery or been close by when it is

operating? (e.g., tractors, combines, etc.)

a) Tractors or combines

no yes 1. Rarely - (loss than 1 hr/mo) C 32

C 30 C 31 2. Occasionally - (1-8 hrs/mo.
(up to 2 hrs/wk) C 33

3. Frequently - (2-10 hrs/wk) C 34

4. Very often - (more than 10 hrs/wk) C 35

b) Other motor-driven farm equipment C 36

Specify

25. What sports have you participated in for more than a few hours?

a) none C 37

b) swimming C 38

c) baseball C 39

d) football C 40

3) soccer C 41

f) basketball C 42

g) bowling C 43

h) bicycling C 44

i) tennis C 45

j) horseback riding C 46

k) gymnastics C 47

1) other C 48

Specify_
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26. Have you ever worn hearing protectors for any reason other

than shooting?

D] D a) Worn protectors

no yes 1) when driving tractor or mowing C 51

C 49 C 50 2) when near power tools or other machinery C 52

3) other C 53

Specify

C. Otological History

27. Have you noticed a temporary or permanent change for any reason in

your ability to hear or understand spoken words?

-1 F] a) Where did this trouble occur most often?

no yes at home C 56

C 54 C 55 at school C 57

at work C 58

other C 59

Specify__

b) When did you first notice the change?

year C 60 - 61
C, G7 Blank

28. Since your last visit, have you had any roaring or ringing in

your ears?

S [I a) roaring F C 65

no yes ringing C 66

C 63 C 64 b) right ear [ C 67

left ear C 68

c) frequency

once C 69

2-5 timesH C 70

more than 5 times C 71
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d) duration

less than 45 minutes C 72

1-12 hours C 73

about I day C 74

more than a day C 75

e) Did you go to a doctor and/or receive treatment?

D~l
no yes

C 76 C 77

f) How old were you when it started? LIZ C 78 - 79
years

MC 80

CARD D Col. 1-7 same 4C D 8

29. Have you ever had any earaches, ear infections, running ears?

L L a) Which?

no yes ear infection I D 1

D 9 D 10 car ache[ D 12
running ears D 13

b) Which ear(s)?

right D 14

left U D 15

c) Frequency

once D 16

2-5 times H D 17
more than 5 D 18

d) Duration D 19 -20
days

e) How old were you when it started? L D 21 - 22
years

f) Did ycu go to d doctor and/or receive treatment?

no yes

D 23 D 24
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REMINDER NON-FELS ONLY

D. General Health

Which of the following problems have you ever been bothered~~by?--

a) high blood pressure 
D 25

b) diabetes D 26

c) allergy D 27

d) sore throat D 28

3) mumps D 29

f) encephalitis D 30

g) meningitis D 31

h) high fever (greater than 103 degrees) D 32

i) excessive mouth breathing D 33

j) sinusitis 0 34

mild D 35

moderate D 36

severe D 37

k) dizzy spells D 38

occasional (1/6 mo.) D 39

frequent (1/mo.) D 40

very frequent (more than I/mo.) D 41

i) none of the above - D 42

m) any other health problem not mentioned above

explain D 43 - 4+

O Have you ever been hospitalized?

D D a) For what and how long?

no yes __

D 45 D 46

Have you ever had any of the following medications?

a) streptomycin Di D 47

b) neomycin D 48

c) kanornycin Dj 49

d) quinine D 50

e) large amounts of aspirin (more than 8 in
a day or 20 in a weuk) D 51

f) none of the above D 52
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Q Are there any other medications that you have taken regularly?

E] I a) What and how much?

no ycs

D 53 D 54® Have you ever been unconscious (either knocked out, fainted,

blacked out, seizure, etc.)?

ED FI a) flow many times? [ 1 D 57

no yes b) What was the cause each time?

D 55 D 56 accident F D 58

fainting D 59

seizure D 60

c) How long were you unconscious each time?

a few seconds D 61

less than a minute D 62

5 minutes to an hour D 63

more than an hour D 64

Have you ever had any vision or hearing problems resulting

from an illness or an accident?

] 0 a) What?

no yes
SD 65 D 66

3 (Girls only) When did you have your first period?

month D 67 - 68

year E D 69 - 70

not yet D 71O If you answered "yes" to Question 30, Part It (Have you ever had

a high fever?), complete the following:

a) flow old were you? hTll D 72 - 73

b) [low long did it last? i D 74 - 75
days

G Were your tonsils removed?

DL
no yes

D 76 D 77
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O Have you ever had frequent colds?

DD%
no yes

D 78 D 79

W D 80

CARD E., COL. 1-7 same as D E 8

E. Information for Initial Audiometry History

40. Do you think your hearing is:

D D
Good Fair Poor

E 9 E 10 E 11

a) If fair or poor, is loss in:

right ear E 12

left ear E 13

b) What do you think caused the loss?

illness [2 E 14

accident r 15

other E 16

explain

c) Have you seen a doctor about your hearing loss?

D D
no yes

E 17 E 18

d) Have you rec(.ived any treatment?

med ical 12 E 21
no yvs wur' 1l C 1 1. 22

U 19 1: 20 hearingj aid L 23

other F 24

explain
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41. flave you had your hearing tested before?

L- FI a) Whon? [1_1 E 27 - 28

no y h) C 'h re?
E 25 E dUtor'; office E 29

sc 1co L 30

other L 31
explain

C) flow?

audiometer H E 32
spoken vloice E 33

tuning .tork E 34

other E 35
~explain

d) What were you told about the results?

nothing 1" 36

good or notmal hearing E 37

Ioss in right ear E 38

Ioss in left ear F 39

42. Does anyone in your family have a hearing loss?

D] 1- a ) Who?
no yen; ns o th er F. E 42

E 40 E 41 father I 43
si 1-; t c r U 44, "

br-,thur F 45

other E 46

expl a i __

b) flow old was reletiVe when leF; ;trrte, or wnns first

c( ll~la II, J~ Q! ?i L 4 3 4

1 ex1aOt. age ,' t knownr, wais r.t ivc

Ulid' r 40 - : 4i

Over 40 5 k I
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C) Did loss occur l_ [I] E 51 - 52
suddenly gradually

(' AZLUALE OPILY AFrER 5EPTrEMBSr. jq7)43. DO yOU ride. bus to school?

no yes

a) One "ay? a) F1 C 55
b) BoLh 7vly!?
c) Number of days eacih week? El J si
d) A hLIL he~ J,, It i (i oe3 t n bus ) --Lride last one way? (mins.) qLj E57

F. General Information (not to be put on computer cards)

Father's name:

Mother's name:

Names and ages of brothers and sisters:

a.

b.

C.

d.

e.

f.

g.

h.

E E 80
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WITH SCORING SYSTEM

I :rTERVAIL AUDI0MEtYIRY QUESTIONNAT RE
(Do not asK Fels participants circled questions.)

A. General InformaLion

1. Clan number F\ 1-3
2. Subject nimlner L A 14 .7
3. Name 1IJ A
4. Today's date El FT]111  -

moO. day yr.

-t 5. Questioner Eileen Po dI y y

Leeo A 1
Mar A I
Roger A 1
Other 6i q--- i

Sp1-cify

6. Sex of participant male _A 10

7. Participant's hirthdate fem- a l2.2.-%

dnmO. day yr.

as snce your last visit?
new address:

L._._Istreet
no yes
11A AV

city state

zip telephone

B. Noise Exposure History

9. Is your present home very near a busy road (such as a state
highway or freeway), airport, noisy factory, downtown in a
city, etc.?

0Z [_-] a) busy road
no yes within 100 ft. of road t% 2.
A30 AS 1 100 ft. to 100 yd ;. from road

(length of football fieid) El A33
greater than 100 yards from 0

road -- 0
b) airport

lives under the flicqht pattern _ A35 -

lives near fligqh pattern A3(,
c) other 1 Flag

spec i fy _ __
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10. How would your parents rate the sound volumre of the T~v
When YOU ath i t the morst?

No. ltOUR5 (41,qZ) x V410jtry (33-0~) qiuiet [1A%6
oi n d t_ ItliQ

a) flow many hours a day ( averac~O)) doyou wj tih v? M A41 -14

I1. Since y'Our last visit halve you listrned t o ra dio, stereo,
hi -fi tapos, or records?

no yes a) whs t percentagje of thie time do you listeri with
11 (' hodpho oe 5?

n evQ r H '

les rth n 1/ nl 1 of t h ie tt" "L If/

L~j.u1/12 ansK 3.1 af' theL t i[!m3 t, is

~ ~'b~c ~LI reoter thou 3/4 of the time _A4

b) About how many hours each dany do ye i !I -__M_
loss th an one _A 50 -

1-2 51as

I * >--i A 53 ~
c) flow lould 'IC youj 11 e th"' 1 use'?

q u 5 .0

di) Whif type of musiic do you uFrua 1ly lit-en to?
hardl 1s-a 7 A.5'1
pop-- w- '.ta, '- -w.r s t e rn ' '

12. S inv c , ),:r I t' t %vi it havIe n - I played a mulsical
in'-icu- ,t r sunj s-i ii bauld?

noa) I nar I rvTnt IJ A ra. - (63

b) A? Mut h-d Mn r.' hour yrseekhiv

you p~iyceu I t ? WL'~ 7

C- C .c) DO -OLJ pU-.i v.,~it) a
rock huo. ]1s(.i.2

by--r f2. AllI
13. Dlo you i I too to nTore thasn o17-' it a rn ou r c, I ve

noI 0: '--jot, . o.oIeo t kc

A '77. J10~~/. OF HOL~IV Y. OA
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14. IHave you 1) ljyed- ;.: th Zi 1'.'eV ryI oli toys s10( i ' our las t vi s it?

a.) Ca[) genot; I-p gtm;; ai i u a ;m m 1 Les ron Ihr,'~ ~ it0.0

no Yes; 2. 1-2 hz-/k ~C
b~i 610 3. 4-1, hrs/;.,k F

11. orh*Ho.;mn 7. hr/wy; e

S pec i fy _____

15. Since- yi-r v,''isit, hivek ycso or :1:

motorcyclimnj, wrttr bnoting, trayj or -!utu Ir l'I, J-.ri
mi nil iincju, etc.?

no ye (est ima, to t ines wh ilIe encli Te i tr;;no;:;j1!

1. Less thari 1 hr,'wk _ ''.

2. 2-7 hra 9i-

3. 7-15 hrr'p..'
4. Moare thau 1.5 is

LI b) Mi rai K , auto a o JC.. ....

1. Leus than 1 hr/,i', -- L

2. 2-7 hrs/wik 3X

3 . 7-15 hirs/vk

4. I-Itre than 15 hrs/ .,-

c)Other zb r Ir

16. Since your- 1o-:L vi vsht, hsve yo~u j)poya -.'; 'I.tv

device_; I .i>:-e p:; o. g., tolI o ir; 'in.eiru kot ai

airpl~oc.P: fic,%%rks, etc.

* a) F i roeraclkrers (with in 5') ft. of c:-:3 los lyon)

onceO or twic in 6? o 005. F] '2

no ya e~r thiO 6 tine'S in 6 20
3-5tL~rsee~ tina TIO osxe!-

I5 ) Sma1 (ll t '11 i% xe:1 etTti 11'1f (a . z I e ai Ii: la J.u!s

7 q q /e t~ c ede w lu 0 et C g line0 i t r 111( r 1 )

~~~~~~~ qqTii IW5 CI 1. Le!; than 1 hr/mo E3 2A' I.
1' ue ro Grcc',p vv"t'''I ]-4 hrs/mo rw Li '

j~c'j)~~y~r~3. Mor~e thiou I 1,,r/, -

Sjt'QC 1 fv V_______ ___

17. IfaVe y' o r 'I t 'ctO or t: t 1 hr., -

their hi.A1 1e-3 .'. ia~i i, nv levi: i's. ta '.mi?

s , Cc i a I I r -Ia 'L d L o n c 1se Ilic n e _ our (I 'I" I t )

F noew activitio _______ ___

no yes'

Is j nli 'e'' r e Ieva nt al'' L ' Fj [ IY
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18. flave you fired or been around anyone else firing a gun since
your last visit?

m a) who firedl?
no ycn F, B4 5q$you Soli,-une

el1se16 1

i) how sinny r.oundo (hull l-;?

ii) did you weor hearir J pr-o uctors? m-* .
no y'es

iii) what type of gun? n q y50

rifIe or shot gun 1 I,
pistol Li!2 . ..

iv) what caliber:
.22 or smaIller" t5 0 1.3
larger that, .22 B54 1 0,

[if -t- / " -ID 1o9 - b) flow do you shoot?
d)e x r" IOLDC J.2- right handed 855

left handed
c) flow many roundls (blet) LJ e517 - 5-
d) Did you wear hearing protectors - o4 O- (I.a

no yes
e) What kind of gun? o u es

rifle or shot gjun ~ .I
pistol L ,

f) What caliber:

.22 or 1maler -)
larger thsn .22 Li 1 5 ic

19. Have you worked at any new jobs (e.spcially noise-related ones)
or changed job since your last visit?

job description
no yes

To be 3udcjud by questionnaircr ,.iver:
Is this a noise relevant job? [

no ys
20. Has your father's occupation changed i snce your last visit?

F- 1 new occupation
no yes employed by_

To bo juihed by ques t ionna ire ,;1ver:
Is this a noise relevant job? F] ED "

21. Has your mother' ,; occupation changed since youi Iast visit?

F] [] new occupation _ _
no ye empl)Oyed by

To'y be j se, ed by Iceenreunarle ,:n'u r:

Is this a noise relevant job? E7
no Ye ]
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['AHL) C col. -7 11,*,_ l C'r
22. Have y-, ta.-: 1 up eny new hobbies or recreational activities

since your last visit?
F-1 I . ncw activi ties

no y-r';

le ihi~s a ,,oi:.c relevant act'vity? [__ -] CP .
[ l

23. Since your last. vi!,i L, hav, yn U5,CCI ()r7 I-n Crl p .er tools
for more tLha a tol of iihonit on hoor in six months?

(e.g., drilis, saws, sanders, grinders, etc.)
hours nearW -- (1 = yes 0 - no) ye; snc last

no y os vi sitC13 C aelectLric tools (drills, savs, ,

soi &,ors, grass edgers, ctc.) __ 1A5- l1
16 Y c x C 3- i c b n r ndurs 11 -Zo

3 c, (J5 loanmewers, edcjers, etc. C; I-23
d chmilT saws C )q- I

c, other Spec Y - L- - It
specify________ ___________

24. Since your last visit, have you used fairm machi nery or been close

by wh n it was operating? (e.g., tractors, combincs, etc.)

a) Tractors or combines0~s EDLOS hill I h,'/mlo g
lo0 y 'Cs h1-0 hr /mo (up to 2 hrs/wk) _ C 2.3 I

C30 Cl. 2-10 hr;/wk

b -More tLhan 10 hrs/'.'k C ,5 9
b) Other motor driven farm eq1, iprnt []rl jC-i :NH

speci fy_

25. llas yo r t: i eflV uon 11) ;.pni Ln aL rtCt(I !, I co I ll I :I-.. Visi t?

Since 5iJr i. . st, vhat sports have 5'ou partlcipatcd in for
more than a Ic. la'r?

anonreC
h) 1i1'nrg (- 

7

: I :Is el' 1 C '

d foot :h.1 I i'I

, r:tal

L 1, 11 lg- iI ) , I C'

h) lt y(' in. r ,
"1

I ) Lhi ("JV%
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26. Sir,,-! yoir h ait vi!nit, 1mve you worn hearing protectors for any
rea :en clther than shiootiric;'?

T77~[* ~wornl 
Cr~ 5,trEl F Ia) I~c IClc'<ii.! t ra Ctr r i' - 19 q D

z thor 'aInr

c )OLhor i

C.Ooleci!n'

27. Since yc-ir I: t visnit, hoavr you not i! I ltempera ry or
perr'~ .'t i,;r i:-r 121c ciscon ili your abli~Ly to hoar

or undet ic .:i cceoot d~i

~7**3 a~) t (1ce i! th-ii trOcc occur most often?

vt .ork -C59

othor L
s pecy_______________

b) Caulse of rhance:
illne!3s (earachos, stop-ped

uIP earS, ecL..) [7 C O
-Icc idn Hr.1Ur(
0 th 01 ri C~2

speci fy_____________

28. Sio~ ycrl li1!;t visit, have you had any roari nq or ringing
ill Vour ears?

a) roalr in [7r 65
E]11 L rincJiic I
no yen,

loft car LJC
c ) f r e qutc cy

2-5 timon H
more then 5 times C7

di d1ura t ion
i-n,; t h n 415 rinitose

dIli - 1 him H
m~ore th~in it (IayC7

0) (111 'OI ou ) 1 0 it d'iCLO to '
rccic vi trca ti-n t?
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29. Since your I-cL visit, have you had any earaches, ear infections,
running ears?

a) Which?
no yes ear infection - t

DD ear ache 4

rmin n ecirs
b) Which ear(s)?right 11

7 lef L
c) Frequency

once E V I.
2-5 times -q

more than 5 LIor
d) Duration

less than a day '
2-4 days H_ a.0

4-7 days H ;L1
more than 1 weel ').

e) Did you go to a doctor and/or
receive treatment?

no yes

REMINDER NONl-EE LS ONLY{

D. Genernl Ith

Q-0) Since your last visit, which of the following problems have you
been bothered by?

a) high blood pressure _ 5
b) diabetes t) .Z
C) allergy t-91
d) sore throat -D A.

C ) umps ) g.q
f encephalitis - 30
g) meni ngi ts D31

h) high fever (> 103 ° ) p31,
i) excessive mouth breathing -DS'3

j) sinusitis -D 3
mi ld D 6
mode ,ate D D,1(
severe [__U '37

k) di :z'y Spells
occasioi,c] (1/6 moc.) ]_ 1
frequent- (/mon t )]_ r
very frequent _ t)

(more than l/month) __ A41
1) nnne of th1 above "D?,4
m) any other health problem

noL inentiuned above F ) & -4A4
no yes

e: p1 a i n
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3 Since your last visit, have you been hospitalized?

[---i [---I a) For what nd how long?

no yes

Since your last visit, have you had any of the fullowing
medications?

a) Streptomycin
b) Neomycin

k c) anomycin
d) Quinine LID 0
e) Large amounts of aspirin

(more than B in a day or
20 in'a week) 7 bV

f) none of the above
Are there any ether medications that you have taken regularly
since your last visit?

-- a) What and how much?

no yes
___ 53 1)54Q Since your last visit, have you been unconscious (either

knocked out, fainted, blacked out, seisure, etc.)?

a) io. many times
b) What was the cause each time?

:80 yes
TD55 t5o accideut TDSK

fainting -) 51

soisure you uo u D O
c) How long were you unconscious urch ime?

a few seconds In i
less than a minute H '.b L-Z
5 minutes to an hour H
more than an hour _Li

QD Since your last visit have you had any vision or h:earing
problems resulting from an illness or an accident?

7] - a) Wh at?___________________
no yes

(Girls only) When did you have your first j-riod?
month [9r b i) -C ),
year L C9q -
not yet U '1i
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APPENDIX C
(continued)

.37* Do you a bus to scool?

no yes

a') One tray? ' DI1 74
0) Nimber Of d,"Is varh wec-k?
d) About tion lonIg r!o.3 thn bus

ride last one way? (tims.) '~

el)L
t)77 W7S'
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APPENDIX D

AbDITIO.AL SCORES DERIVED FFROM.i TIE
I NTERWVO AUDIO.ETRY QUESTIONNAIRE (appendix 3)

1. FV!I'T SCOR.I: The number of events - child experienced
Vhich aIre th l !ht toc o rti u'. irly

iriportant in their lici e expoe, ur,,,

Maximum posnible = 9

Those scored:

1) 9b lives under a flight pattern (cot. A 35)

2) 10 listens tu TV loudly (col. A 40)

3) llc listens to music loudly (col. A 56)

4) 12a plays an amplified instrument col. A 64)

5) 15 has been around motorcycles
tOorboats, drag racing, etc. (col. B 17)

6) 16 has pl: ycd with explosive devices
or gas engines (col. B 28)

7) 18 has fired or been around someone
else firing a gun (col. B 43)

8) 23 has used or been around power tools (Col. C 14)

9) 24 has used or been close to

farm machinery (col. C 31)

2. GULN SCORE: Score to identify those who miht have
bten expoed to unusual noise due to
guns or shooting.

-- if item 18 (col. 43) is yes

without hearinq gun score = 10"165(l)'B60(l) + lOlog B57-59
protectors

with hearing gun score = 10"t65(1)'161(0.1) + ]Olog 1357-59
protectors
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APPENDIX D
(continued)

3. CHAIN SAW SCORE: To identify thcsc who hnve bhkc-n
clo.;c to or have operaLcd chain

if C 24 mark yes

Score 10 + logC25-26.
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